Best Available Copy 



(12); INTERNATIONAL 'APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
.18 April 2001 (19.04.2001) 




PCT 



iniii 



(10) Internationa) Publication Number 

WO 01/27303 Al 



(51) International Patent Classification 7 : C12N 15/864, 
15/12, C07K 14/755, C12N 15/36, 7/01, 5/10, A61K48/00 

(21) International Application Number: PCT/US00/28221 

(22) Internationa! Filing Date: 12 October 2000 (12.10.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
60/158,780 



12 October 1999 (12.10.1999) US 



(71) Applicant (for all designated States except US): THE 
UNIVERSITY OF NORTH CAROLINA AT CHAPEL 
HILL [US/US]; 308 Bynum Hall, CB# 4105, Chapel Hill 
NC 27599-4105 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WALSH, Christo- 
pher, E. [US/US]; 504 Baybeny Drive, Chapel Hill, NC 
27514 (US). CHAO, Hengjun [CN/US]; 501 NC High- 
way 54, Carrboro, NC 27510 (US). BURSTEIN, Haim 



[US/US]; 14104 NE 62nd Street, Redmond, WA 98052 
(US). LYNCH, Carmel, M. [US/US]; 1501678th Avenue, 
NJE, Kenmore, WA 98028 (US). STEPAN, Anthony, 
M. [US/US]; 321 1 41st Avenue, S.W., Seattle, WA 98116 
(US). MUNSON, Keith [US/US]; 4422 Evanston Ave. 
N#B, Seattle, WA 98103 (US). 

(74) Agents: COULTER, Kathryn, L. et al.; Alston & Bird 
LLP, P.O. Drawer 34009, Charlotte, NC 28234-4009 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 
CH, CN, CR, CU, CZ, CZ (utility model), DE, DE (utility 
model), DK, DK (utUity model), DM, DZ, EE, EE (utility 
model), ES, H, FI (utility model), GB, GD, GE, GH, GM, 
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, 
LR, LS, LT, LU, LV, MA, MD. MG, MK, MN, MW, MX, 
MZ, NO, NZ, PL, FT, RO, RU, SD, SE, SG, SI, SK, SK 
(utility model), SL, TJ, TM, TR, TT, TL. UA, UG, US, UZ, 
VN, YU, ZA, ZW. 

(84) Designated States (regional): ARTPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 

[Continued on next page] 



HEEEE (54) Title: ADENO-ASSOCIATED VIRUS VECTORS ENCODING FACTOR Vffl AND METHODS OF USING THE SAME 



496S*p 




ITK Spacer BDDhFVIII cDNA 



P(A) ITR 



< 

m 
to 



50S9bp 



44S0bp 



ITR Enhl Spacer BDDhFVIII cJ>NA 



P(A)ITR 



^ (57) Abstract: The present invention provides recombinant adeno-associated virus (rAAV) vectors comprising a heterologous nu- 
0 cleoude sequence encodmg factor Vffl (factor VIII). In preferred embodiments, the factor VIH is a B-domain deleted factor VIII 

OAlso provided are methods of producing a high titer stock of the inventive rAAV/factor Vffl vectors. Another aspect of the invention 
is a method of debvenng a nucleotide sequence encoding factor VIII to a cell, preferably for subsequent ao^nisfration to a subject 
^ V? inVenU ° D ^ e /P rovid « methods of administering rAAV/factor VIR to a subject, e.g., for the treatment of hemophilia. 

V The rAAV vector may be administered by any route, but is preferably administered to the liver 
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ADENO- ASSOCIATED VIRUS; VECTORS 
■ ENCODING. FACTOR VIII AND METHODS OF USING THE SAME 

FIELD OF THE INVENTION 
This invention relates to reagents and methods for providing Factor VIII, and 
more particularly relates to viral reagents and metfiods for providing Factor VIII. 

: BACKGROUND OF f HE INVENTION 
5 Hemophilia A*is ah inherited sex-linked bleeding disease resulting from 

' il ' deficiency of coagulation factor VIII (factor Vlii). Hemophilia A comprises the 
' majority of hemophilia patients (8d%) witK an incidence of 1 in 5-1 0,000' live males 
births (Antonarakis et al ( 1 998) Haemophilia 4: 1 ). Hemophilia patients suffer from 
spontaneous bleeding into the large joints, soft tissue, and are at risk for intracranial 
10 hemorrhage. Recurrent episodes of joint bleeding are the most frequent manifestation 
oixhk disease leadiing to crippling arthropathy^ 
patients. 

Gene therapy is an attractive alternative for the Yreaiment of hemophilia A 
patients. Persistent expression of human factor VIII would make a profound impact 

15 oirtreafment of hemophilia 'A patients even ait levels less thari therapeutic levels 

*' (approximately equal to or greater than 5% of normal). Both retroviral^ and adenoviral 
vectors have been lised to deliver factor VIII c&tiA (Dwarki et al (\ 995) Proc. Nat. 
Acad. Sci. USA 92:1023; Connelly et al. (1998) Blood 91 3273; Connelly e>af (1996) 
Blood 87 A61\). Moloney murine leukemia virus (MoMLv) amphotropic vectors 

20 suffer from poor transduction of post-mitotic cells (DwaLrici et al (1 995) Proc. Nat. 

Acad. Set USA 92:1023). Adenovirus carrying the human factor VIII c£>NA directed 
to the liver express high-level factor VIII in animal models.' However expression 



wanes with time due tb the' well-characterized cell-niedi'ated immune response to the 



vector (Connelly et al. (1 99(5) Blood 57:467 1 ; 'Connelly et al. (1 996) Blood 55:3846). 
25 Such immiine responses can have serious consequences to the recipient. Immune 
responses result in inflammation, cell death, and even death of tiie patient. 

Adeno-associated virus is a nonpathogenic defective parvovirus capable of 
infecting a broad range of mitotic or post-mitotic cells (Rabinowitz et al (1998) 



i 
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Current Opinion in Biotechnology P:470). rAAV has been shown to be capable of 
expressing a functional FIX gene persistently in a large animal model (Snyder et al 
(1999) Nature Medicine 5:64), where factor VIII and FIX are synthesized (Wion et al. 
(1985) Nature 317:726; Zelechowska et al (1985) Nature 577:729). 
5 A disadvantage of rAAV vectors is their restricted packaging capacity (Dong 

et al (1996) Human Gene Therapy, 7:2101). Wild-type (wt) AAV is a 4.6 kb linear 
single-stranded DNA virus. The total size of the AAV vector influences the efficiency 
of its packaging into AAV virions. Dong et al determined the packaging efficiencies 
of AAV vectors by quantitating the DNA content of viral particles and assaying the 

10 efficiency of AAV virions to transfer the CAT gene into HeLa cells. Efficient 

packaging as determined by Dong et al. includes particles that contain and express the 
transgene. The results demonstrate that the packaging efficiency of AAV is affected 
by the length of the genome. 

The human factor VIII gene comprises a central B domain core flanked by the 

15 amino Al and A2 domains and carboxyl A3, CI, and C2 domains. The B domain can 
be deleted without any significant effect on specific procoagulant activity (Pittman et 
al (1 993) Blood 57:2925). However, even B-domain deleted human factor VIII 
cDNA (B-domain deleted human factor VIII) is not thought feasible for testing in 
rAAV (Pittman et al (1 993) Blood 81:2925), as its 4.4 kb size is believed to preclude 

20 its efficient packaging within the limited confines of a rAAV vector (Kay and High 
(1999) Proc. Natl Acad. Set USA 96:9973). Thus, it is felt that production of high- 
titer AAV B-domain deleted human factor VIII vector would be very difficult (Kay 
and Russell (1999) Blood 94.S64). 

Somatic cell gene therapy to treat hemophilia A is further complicated by 

25 difficulties attendant to expression of the factor VIII gene. Persistent human factor 
VIII expression has been demonstrated to be hampered by poor transcription 
efficiency of the human factor VIII gene (Connelly et al (1996) Blood P7:3846; 
Rabinowitz et al (1998) Current Opinion in Biotechnology P:470), inefficient 
secretion of factor VIII protein (Snyder et al (1999) Nature Medicine 5:64; Wion et 

30 al ( 1 985) Nature 31 7:726), and the relatively short half-life of the factor VIII protein 
(ti/2 ~ 12 hours; Wion et al (1985) Nature 317:726; Zelechowska et al (1985) Nature 
317:729). 
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! ; Accordingly- there remains a need in the art for improved reagents and 
methods for treating hemophilia A. . . • r ji. - , 



. : . -SUMMARY'OF THE INVENTION ■ • 
5 Compositions and.methods for the expression of a biologically active factor 

VIII (factor VIII) protein in a subject are. provided. 'The compositions and methods 
are useful in the treatment of coagulation disorders, particularly hemophilia A, in a 
subject. The compositions include a recombinant AAV (rAAV) vector comprising a 
nucleotide sequence encoding B-domain;deleted factor VIII operably linked with at 
10 f least one, enhancer and at least one promoter. .In some embodiments' the AAV ITR is 
operably linked to the. nucleotide sequence encoding the B-domain deleted factor 
VIII, such that the ITR drives the expression of the B-domain .deleted factor VIII 
transgene. The vector, may also comprise a transcription factor binding site and/or a 
termination region. Optionally, spacer DN A can be included within the cassette. The 
1 5 rAAV vector of the invention encodes a .biologically ^active B-domain' deleted factor 
Vin.proteimthat may be administered in vivo to achieve Jong-tenh expression of 
therapeutic levels of factor VIII protein. " Accordingly, the present invention utilizes 
the : many advantages of rAAV vectors^. while overcoming the constraints imposed by 
the limited packaging capacity of the: AAV .capsidv; t .« 
20 .. ir. Another aspect, of the- invention is anrAAV vector comprising a heterologous 
nucleotide sequence encoding aB-domain deleted factor VIII selected from! the group 
consisting, of: (a) about nucleotides: 41 9 to 483 & of Figure 1 :(also shown in SEQ ID 
NO: 1), (b) a nucleotide sequence that hybridizes to the nucleotide sequence of (a) 
under conditions of high stringency and which encodes a< B-domain deleted factor 
25 ,VIII, and (c) a , nucleotide sequence that that differs from the nucleotide sequences of 
, ( (a) and (b) above due to the degeneracy , of the genetic code, and which encodes a B- 
. domain deleted factor VIII. . . - , f f . f r . . . • ... 

The invention also provides methods of delivering a heterologous nucleotide 
sequence ^coding B-domain. deleted factor VIII to cells in vitro and in vivo, 
30 . , Accordingly in one embodiment, a method isiprovided for delivering a nucleotide 
... sequence encoding B-doamin deleted factor VIII. to a cell, the method comprising 
contacting the cell with a rAAV vector comprising a heterologous nucleotide 
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sequence encoding factor VIII operably linked with a liver-preferred expression 

control element. The contacting may be carried out in vitro or in vivo. 

A further embodiment is a method of delivering a nucleotide sequence 

encoding a B-domain deleted factor VIII to a cell comprising contacting the cell with 
5 the rAAV vector of the invention. The rAAV vector comprising a heterologous 

nucleotide sequence encoding a B-domain deleted factor VIII selected from the group 

consisting of: (a) about nucleotides 419 to 4835 of Figure 1 (also shown in SEQ ID 

NO:l), (b) a nucleotide sequence that hybridizes to the nucleotide sequence of (a) 

under conditions of high stringency and which encodes a B-domain deleted factor 
10 VIII, and (c) a nucleotide sequence that differs from the nucleotide sequences of (a) 

and (b) above due to the degeneracy of the genetic code, and which encodes a B- 

domain deleted factor VIII. 

In yet a further aspect, the present invention provides a method of treating 

hemophilia A comprising administering to a hemophiliac subject a biologically 
1 5 effective amount of a rAAV vector comprising a heterologous nucleotide sequence 

encoding B-domain deleted factor VIII. Preferably, the encoded B-domain deleted 

factor VIII is expressed in a therapeutically effective amount. 

In a further embodiment, the invention provides a method of treating 

hemophilia comprising administering a biologically effective amount of a rAAV 
20 comprising a heterologous nucleotide sequence encoding B-domain deleted factor 

VIII to a liver cell of a hemophiliac subject. Preferably, the encoded B-domain 

deleted factor VIII is expressed by the transduced liver cell and is secreted into the 

blood in a therapeutically effective amount. 

As a still further embodiment, the present invention provides a method of 
25 administering factor VIII to a subject comprising administering a cell expressing 

factor VIII to the subject, wherein the cell has been produced by a method comprising 

contacting the cell with a recombinant adeno-associated virus (AAV) vector of the 

invention. 

The present invention further provides a method of producing a high-titer 
30 stock of a rAAV vector comprising: (a) infecting a packaging cell with a rAAV vector 
comprising a heterologous nucleotide sequence encoding factor VIII, (b) allowing the 
rAAV genome to replicate and be encapsidated by the packaging cell, and (c) 
collecting the rAAV particles to form a rAAV stock. As indicated, the heterologous 
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nucleotide sequence encoding B domain deleted factor VIII is operablys linked with a 
liver-preferred expression control element. Also providecLare high-titer^virus stocks 
produced by the foregoing method, j ,/ . . ; , .. . 

. r . ; t . Methods for the production of a stable cell line by infection with the rAAV 
5 vector of the invention 1 are also providedi w Such cell lines are generated by 

transfection with vector, selection, followed by. cloning of individual colonies. Clones 
exhibiting high level replicatipn of vector are then tested for production of infectious 
vector. The cell line is capable of expressing B domain deleted VIII. , * / f 

Another aspect of the invention is a nucleotide sequence encoding factor VIII 
1 0 operably linked with a hepatitis virus expression control element. In some ' \ 
L . s embodiments, this, expression control .element is. from- hepatitis Bandicomprises at 
least one of the enhancers selected ; from thehepatitisiEnhl enhancer and .therEnhll 
: / enhancer. The nucleotide sequenc.e:may, further comprise at least one;promoter and a 
/ ; .polyadenylation sequence.. In some embodiments, afcleastonepromter is:an.AAV 
15 rli ITR. : :The invention also encompasses, yectorsxomprising the nucleotide sequence 

encoding factor VIII operably ihnkedjy/ith .a hepatitis ^rus t expression control element, 
, ^and^host celiac .^i, >, ; . w.-^r ^\ /,-./, . 

These. and otheraspects of the present invention are. provided in more detail in 
the description of the invention below. . . ■ . • . . , ... . 

20 

. BRIEF DESCRIPTIQN; OF THE DRAWINGS- t r ,.. 

. Figure 1 provides the sequence of pl^mid.ppLZ6 encoding a human : B- 
. , domain deleted factor VIII. - This sequencers also set forth in SEQ ID NO:l. The 
. expression passette includes^.the leftjand right AAy o in^erted,tejnpinal repeats (ITR; 
25 aboutnucleotides 1-14£ and 4916-5084), the .hepatitis B yirus Enhl enhancer (about 
nucleotides 150-278), spacer sequence (nucleotides 279-399), human B-dpmain 
deleted factpij VIII (about nucleotides 41 9-4 835), and the TK poly<A) sequence (about 
nucleotides 4840-4914). The amino acid sequence for human Brdomain deleted 
factor VIII encoded by nucleotides 419t4835 (SEQ ID NO:2) is also shown. 

30 RSH?£ 2 is a schematic representation pf the xAAV/B-domain ^deleted human 

factor VIII constructs. The maps for the two rAAV constructs expressing B-domain 
deleted human, factor VIII are shovyn: pDLZ2 (4965 bp including 2 ITRs, 107% of wt- 
. AAV) and pDLZ6, (5089 bp including 2 ITRs, 1 09%.of wt-AAV). ITR, AAV inverted 

5 



WO 01/27303 PCT/US00/28221 

terminal repeat; Enhl, Enhancer I of the HBV; NCS, spacer sequence; P(A), TK 
polyadenylation sequence. 

Figure 3 shows the replication and packaging of rAAV/B-domain deleted 
human factor VIII. Low molecular weight DNA (Hirt DNA) was isolated from 
5 rAAV/DLZ2, DLZ6, and DLZ8 (control) transduced HeLa and HepG2 cells, 
separated by agarose gel, and probed with B-domain deleted human factor VIII 
cDNA. From right to left: Control Lane, 1- HepG2+ rAAV/DLZ8; 2- HeLa + 
rAAV/DLZ8; DLZ2: 1- HeLa + rAAV/DLZ2; 2- HepG2 + rAAV/DLZ2; DLZ6: 1- 
HeLa + rAAV/DLZ6; 2- HepG2 + rAAV/DLZ6; and uncoated rAAV/DLZ6 virion 
10 DNA. 

Figure 4 is a graphical representation of in vivo expression of rAAV/B-domain 
deleted human factor VIII in mice. Purified rAAV/DLZ6 virus was administered to 
the mice via the portal vein. ELISA was employed to determine human factor VIII 
level in the plasma and BIA was utilized to measure anti-human factor VIII inhibitor 

1 5 titer. Panel A. B-domain deleted human factor VIII antigen level and anti-human 
factor VIII inhibitor titer in the plasma of the mice (n=4) receiving 2 x 10 n 
rAAV/DLZ6. Panel B. B-domain deleted human factor VIII antigen measurement of 
NOD/scid mice (n=4) receiving 1 .5x1 0 1 1 rAAV/DLZ6 Solid line: human factor VIII 
antigen level, Dashed line: anti-B-domain deleted human factor VIII inhibitor titer. 

20 Figure 5 presents molecular analysis of the mice receiving injection of 

rAAV/DLZ6. Panel A. Diagram of the primers designed for the PCR. Panel B. DNA 
PCR- rAAV vectors distribution in mice via portal vein injection. A rAAV/DLZ6 
unique 450 bp fragment was amplified by DNA PCR to test distribution of rAAV 
after hepatic injection. Negative control, Liver DNA of the control mouse. DNA 

25 samples of brain, spinal cord, muscle, bone marrow, heart, lungs, testis, lymph nodes, 
kidney, intestine, spleen from the mouse receiving high dose rAAV/DLZ6. Liver/LD: 
liver DNA from mouse receiving low dose rAAV/DLZ6. Liver HD: liver DNA from 
mouse receiving high dose rAAV/DLZ6. Standard curve- genomic DNA from 
control mouse liver with 5, 1, 0.2, 0.1, 0.01 and 0 genome copy equivalents of 

30 plasmid pDLZ6 per cell, respectively. Panel C. Diagram of the primers designed for 
RT/PCR. Panel D. RT-PCR analysis of total RNA isolated from control and 
experimental animals. Primers were designed to amplify a 534 bp B-domain deleted- 
human factor VIII specific fragment. RT control employed RNA isolated from the 
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mouse liver receiving high dose rAAV/DLZ6. The negative control, used RNA 
. isolated from confrpl.animah. RNA samples of muscle, brain, lymph nodes, testis, 
kidney and spleen were from the mouse receiving high. dose rAAV/DLZ6. LD: liver 
RNA isolated from mouse receiving low dose AAV/DLZ6. . HD: liver. RNA isolated 
5 , from mouse receiving high dose rAAV/DLZ6. . Panel E. .Diagram of the restriction 
digestion using Sph I, Panel F. Southern blot analysis of high molecular weight 
genomic DNA and Hirt DNA isolated from experimental animals. Standard curve: 
genomic DNA frpm control mouse liver with 5, 1, 0.2, .and 0.02 genome copy 
equivalents of plasmid pDLZ6 per. cell, respectively. HM W. genomic DNA and low 

1 0 molecular wt liver DNA (HJRT) isolated ft-pm,animals receiving high,dose ,. , . 
rAAV/DLZ6. 

. :.. •• .•„'!" >i,-j; ;■ .-.!;;." . , !!*.: j .'i n" > '.Ms:-:. ;rs . *:<..-• 
FigM re £ P^Y^es th? sequence .of plasmid ,ppLZ10.(SEQ,ID NO:3) encoding 
a canine B-domain deleted factor VIII, The expression .cassette includes .the left and 
right AAV inverted terminal repeats (ITR; nucleotides 1,-1.44. and 4885-5048), the 
hepatitis B, virus Enhl enhancer (nucleotides, 149,-278), spacer sequence (nucleotides 
279-399), canine B-domajn deleted factor yui (about nucleotides 428r4790), .and the 
TK poly^A} sequence (nucleotides 4804-4884). The aminp. acid sequence for. canine 
B-domain deleted factor VIII encoded by nucleotides 428-4.79.0 is also shown in this 
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figure and in SEQ ID NO:4. 
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.. DETAILED DESCRIPTION ,QF THE INVENTION . 
The invention provides compositions and methods to alleviate the symptoms 
associated with factor VIII deficiency. Compositions include rAAV, vectors , : . 
comprising a nucleotide sequence encoding a Brdomain deleted factor VIII protein 
25 operably linked with at least one enhancer and at least pne.prpmoter. In some 
embodiments, the vector comprises a liver-preferred expression control element. 
Spacer DNA and a 3/ termination region may be optionally : included within the 
cassette. 

While the invention is not r bpuna\by any mechanism of action, it is believed 
3 0 that in the preferred embodiments, the ITR region or regions of the AAV serves as a . 
promoter to drive expression of the factor VIII nucleotide sequence. That is, at least 
one of the inverted terminal repeats (ITRs) found at each end of the AAV genome is 
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used to drive expression of the B-domain deleted factor VIII sequence. See, for 
example. US Patent No. 5,866,696, herein incorporated in its entirety by reference. 

The following definitions are provided to be used to understand the invention 
as set forth herein and in the attached claims. 
5 An "expression control element" is a polynucleotide sequence, preferably a 

DNA sequence, which increases transcription of an operably linked or operably linked 
polynucleotide in a host cell that allows that expression control element to function. 
An expression control element can comprise an enhancer, promoter, and/or a 
transcription factor binding site. A liver-preferred transcriptional regulatory element 

10 is an expression control element that increases transcription of an operably linked 
polynucleotide sequence in a liver cell in comparison with a non-liver cell. 

"Factor VHI-associated disorders" are those disorders or diseases that are 
associated with, result from, and/or occur in response to, insufficient levels of factor 
VIII. Such disorders include, but are not limited to, hemophilia A. 

15 The terms "polypeptide" "peptide" and "protein" are used interchangeably 

herein to refer to polymers of amino acids of any length. The terms also encompass 
an amino acid polymer that has been modified; for example, disulfide bond formation, 
glycosylation, lipidation, or conjugation with a labeling component. 

The terms "polynucleotide", "nucleotide sequence", and "nucleic acid", used 

20 interchangeably herein, refer to a polymeric form of nucleotides of any length, 
including deoxyribonucleotides or ribonucleotides, or analogs thereof. A 
polynucleotide may comprise modified nucleotides, such as methylated nucleotides 
and nucleotide analogs, and may be interrupted by non-nucleotide components. If 
present, modifications to the nucleotide structure may be imparted before or after 

25 assembly of the polymer. The term polynucleotide, as used herein, refers 

interchangeably to double- and single-stranded molecules. Unless otherwise specified 
or required, any embodiment of the invention described herein that is a polynucleotide 
encompasses both the double-stranded form and each of two complementary 
single-stranded forms known or predicted to make up the double-stranded form. 

30 "AAV" is an abbreviation for adeno-associated virus, and may be used to refer 

to the virus itself or derivatives thereof. The term covers all subtypes and both 
naturally occurring and recombinant forms, except where required otherwise. "AAV" 
refers to adeno-associated virus in both the wild-type and the recombinant form 

8 
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(rAAV) and encompasses mutant forms of AAV. The term AAV further includes, but 
is not limited to, AAV type 1, AAV type 2 ? AAV type 3, AAV type 4, AAVtyjie 5, 
AAV type 6, AAV type 7, avian AAV, bovine AAV, canine AAV, equine AAV, and 
ovine AAV (see, e.g., Fields et aL 9 Volume 2, Chapter 69 (3d ed., Lippincott-Raven 
5 Publishers/ In a preferred embodiment, the AAV used in the present invention is 
AAV type 2. 

By "aderio-associated virus inverted terminal repeats" or "AAV ITRs" is 
meant the palindromic regions found at each end of the AAV genome. The ITRs 
function together in cis as origins of DNA replication and as packaging signals for the 
1 0 virus. For use with tKe present invention, flanking AAV ITRs are positioned 5 1 and 3* 
of a cassette comprising a B domain deleted factor VIII coding sequence bperably 
linked with an e^ahcer and bptionally spacer DN A or promoter elements. In some 
embodiments, the AAV ITR is operably linked to the B-domaih deleted factor VIII 
encoding nucleotide sequence such' that it drivfes expression of this sequence. 
15 " The nucleotide sequences of AAV ITR regions are known! See, e.g., Kotin, R. 

' M. (1994)-Hunian ? 6ene 5 lTierapiy 5:793-801*; B&tiS, "Parvdviridae andThbir :,; 
Replication," in FundaMeHilal Virofogy, 2ci ed. (ed: Fieldsaiid Knipe) for tfie AAV-2 
sequence. As used herein, ah "AAV ITR" need hot have thb wild-tyjpe nucleotide 
sequence depicted, but iiiay be altered, e.g., by the insertion, deletion or Substitution 
20 of nucleotides. Additionally, the AAV ITR may be derived from any of several AAV 
serotypes, including without liihitation, AAV-j, AAV-2, AAV-3, AAV-4, AAV-5, 
AAV-6, AAV-7, etc. The 5' and 3* ITRs flanking a selected heterologous nucleotide 
sequence comprising a factor VIII coding sequence 1 heed not necessarily be identical 
or derived from the same AAV serotype or isolate, so long as they function as 
25 intended, i.e., to allow for the integration of the associated heterologous sequence into 
the target cell genome when the rep gerie is present (either on the same or on a 
different vector), or when the Rep expression product is present in the target cell. 
Recent evidence suggests that a single ITR can be sufficient to cany out the functions 
normally associated with 5 configurations comprising two ITRs (U.S. Patent 5,478745), 
30 and vector constructs with only one ITR can thus be Employed in conjunction with the 
packaging and production methods described herein. 

A "biologically effective" amount of an rAAV vector of the invention is an 
amount that is sufficient to result in transduction and expression of the heterologous 

9 
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nucleotide sequence encoding the B-domain deleted factor VIII by at least one cell in 
the target tissue or organ. 

An "rAAV vector", "rAAV virus", or "rAAV viral particle" as used herein 
contains at least one AAV capsid protein (preferably by all of the capsid proteins of a 
5 wild-type AAV) and an encapsidated rAAV comprising a polynucleotide sequence 
not of AAV origin (i.e., a polynucleotide heterologous to AAV), typically a sequence 
of interest for the genetic transformation of a cell. The heterologous polynucleotide is 
flanked by at least one, preferably two, AAV inverted terminal repeat sequences 
(ITRs). 

1 0 "Packaging" refers to a series of intracellular events that result in the 

assembly and encapsidation of an AAV particle or rAAV particle. In the case of the 
rAAV particle, packaging refers to the assembly and encapsidation of the rAAV 
particle including the transgene. 

AAV "rep" and "cap" genes refer to polynucleotide sequences encoding 

15 replication and encapsidation proteins of adeno-associated virus. They have been 
found in all AAV serotypes examined, and are described below and in the art. AAV 
rep and cap are referred to herein as AAV "packaging genes". 

A "helper virus" for AAV refers to a virus that allows AAV to be replicated 
and packaged by a mammalian cell. A variety of such helper viruses for AAV are 

20 known in the art, including adenoviruses, herpesviruses and poxviruses such as 

vaccinia. The adenoviruses encompass a number of different subgroups, although 
Adenovirus type 5 of subgroup C is most commonly used. Numerous adenoviruses of 
human, non-human mammalian and avian origin are known and available from 
depositories such as the ATCC. Viruses of the herpes family include, for example, 

25 herpes simplex viruses (HSV) and Epstein-Barr viruses (EBV), as well as 

cytomegaloviruses (CMV) and pseudorabies viruses (PRV); which are also available 
from depositories such as ATCC. 

An "infectious" virus or viral particle is one that comprises a polynucleotide 
component which it is capable of delivering into a cell for which the viral species is 

30 trophic. The term does not necessarily imply any replication capacity of the virus. 
Assays for counting infectious viral particles are described in the art. 

A "replication-competent" virus {e.g., a replication-competent AAV, 
sometimes abbreviated as "RCA") refers to a phenotypically wild-type virus that is 
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infectious, and is also capable of being replicated in an infected cell (/.£:, in the 
m presence ; o£ a helper virus or helper- virus functions). In the case of AAV; replication 
.-«■ competence generally:requires. the presence of functional AAV packaging genes. 
Preferred rAAV vectors as described herein are Teplication-incompetent in ' 
5 mammalian cells (especially in human cells) by virtue of the lack of one or more 
AAV packaging genes. Preferably, such rAAV vectors lack any. AAV packaging 
gene sequences in order to minimize the possibility that RCA' are generated by 
recombination between AAV packaging genes and an rAAV vector: 

: A "gene" refers to a polynucleotide containing at least one open reading frame 
10., . .. that. is< capable of encoding a particular protein after being transcribed and translated. 

. ''Expression", as. used herein, refers to the transcription and/or translation of a 

"Recombinant", as applied to a polynucleotide means that the polynucleotide 
is. the product of various combinations of cloning- restriction or ligation steps, and 
15 , ; other procedures that result in a construct/that is distinct from a: polynucleotide' found 
:.in nature.^A recombinant virus is a viraliparticle comprising a recombinant- 
polynucleotide.. .The^terms.respectively include. replicates' of the original f : »i 
i polynucleotideconstruct and. progeny of theoriginal virus -construct: 

.! . 0 r / '."Operatively linked" or.roperably linked" or "operably associated" refers to a 
20. Juxtaposition . of genetic elements, wherein the elements are in a relationship J ' : 
permitting: them to operate in the expected manner: For instance, a promoter is 
operably linked to a coding region if the promoter helps initiate transcription of the 
coding sequence. There may be intervening residues between the promoter and 
, coding region so long as this functional relationship is maintained. 
25 . "Heterologous" means derived from a genotypically distinct entity from that 

of the rest of the entity to which it is being compared. For example, a polynucleotide 
introduced by genetic engineering techniques into a plasmid or vector derived from a 
different-species is a heterologous polynucleotide. A promoter removed from its 
native coding sequence and operably linked to a coding sequence with ; which it is not 
30 naturally found linked is a heterologous promoter. > ,k ... 

"Genetic alteration" refers to a process wherein a genetic element is - 
introduced into a cell other than by mitosis or meiosis. The element may be 
heterologous to the cell, or it may be an additional copy or improved version of an 

11 
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element already present in the cell. Genetic alteration may be effected, for example, 
by transfecting a cell with a recombinant plasmid or other polynucleotide through any 
process known in the art, such as electroporation, calcium phosphate precipitation, or 
contacting with a polynucleotide-liposome complex. Genetic alteration may also be 
5 effected, for example, by transduction or infection with a DNA or RNA virus or viral 
vector. Preferably, the genetic element is introduced into a chromosome or mini- 
chromosome in the cell; but any alteration that changes the phenotype and/or 
genotype of the cell and its progeny is included in this term. 

A cell is said to be "stably" altered, transduced, or transformed with a genetic 

10 sequence if the sequence is available to perform its function during extended culture 
of the cell in vitro. In preferred examples, such a cell is "inheritably" altered in that a 
genetic alteration is introduced which is also inheritable by progeny of the altered cell. 

"Stable integration" of a polynucleotide into a cell means that the 
polynucleotide has been integrated into a replicon that tends to be stably maintained 

15 in the cell. Although episomes such as plasmids can sometimes be maintained for 

many generations, genetic material carried episomally is generally more susceptible to 
loss than chromosomally-integrated material. However, maintenance of a 
polynucleotide can often be effected by incorporating a selectable marker into or 
adjacent to a polynucleotide, and then maintaining cells carrying the polynucleotide 

20 under selective pressure. In some cases, sequences cannot be effectively maintained 
stably unless they have become integrated into a chromosome; and, therefore, 
selection for retention of a sequence comprising a selectable marker can result in the 
selection of cells in which the marker has become stably-integrated into a 
chromosome. Antibiotic resistance genes can be conveniently employed as such 

25 selectable markers, as is well known in the art. Typically, stably-integrated 

polynucleotides would be expected to be maintained on average for at least about 
twenty generations, preferably at least about one hundred generations, still more 
preferably they would be maintained permanently. The chromatin structure of 
eukaryotic chromosomes can also influence the level of expression of an integrated 

30 polynucleotide. Having the genes carried on stably-maintained episomes can be 

particularly useful where it is desired to have multiple stably-maintained copies of a 
particular gene. The selection of stable cell lines having properties that are 
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particularly desirable, in the context of the present inventionare described and 
illustrated below. . : : *•••..!:■• v-.- .--.v-. ,v - • - . . v,. : r r :: 

An "isolated" plasmid, virus, or.other substance refers to a preparation of the 
■ . substance devoid of at least some of the. other components that may also be 1 present 
5 where the substance- or a similar substance naturally occurs or is initially prepared 
from. Thus, for example, ah isolated substance: may be prepared by using a 
purification technique. to enrich it from a source mixture. Enrichment' can be 
measured on an absolute basis, such as weight per volume of solution, or it can be 
: measured in relation to a second, potentiallyanterfering substance present in the 
1 0 source mixture. , Increasing enrichments ;of the embodiments <of this invention are 
increasingly, more preferred. Thus; for example, a 2-fold enrichment is preferred, 
,1 enfold enrichment is more .preferred; 1 00-fold enrichment .is more preferred, i 
lOOO-foW- enrichment is. even more preferred/} .< - j j , . 

A preparation of rAAV is said to be "substantially free v of helper virus if the 
15, ratio, of infectious rAAV particles to infectious helper virus particles- is at least about 
Ohl 5 ipreferably at least about 1 0 4 : 1- more Ipreferablyiat leastiabout 10*: L;i still more 
, preferably at Jeasjrabout: 10*:1 . Preparations.jare.alsb preferably- free of equivalent 
. ;, :L - amounts of helper virus proteins ;(/.<?.? proteins as would be^present as a result of such 
a leyeLpf helper yirus if the helper virus particle impurities noted above were present 
20 in disrupted form). 'Viral and/or cellular: protein contamination can* generally: be 1 
observed as the presence of Goomassie staining bands on SDS gels (e.g. the r . 
appearance of bands other than those corresponding to the AAV capsid proteins VP1 , 
• ; VP2 and VB3). : , . , : >*■., . ' 

■ A "host cell" includes an individual cell or cell culture which can be or has 

25, been a recipient for vector(s) or for incorporation of polynucleotides and/or proteins. 
Host cells , include progeny of a single host cell, and the progeny may not necessarily 
. , be completely identical (in morphology, or in genomic of total DNA complement) to 
. / the original parent cell due to natural, accidental* or deliberate mutation: A host cell 
. , includes cells transfected in vivo with a polynucleotide(s) of this invention.' 
30 , , : ; By "liver .cell" is intend^d.any cell type found in liver organs, including, but 
not limited to parenchyma cells, nonparenchyma cells, endothelial cells, epithelial 
cells, etc. 
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"Transformation'* or "transfection" refers to the insertion of an exogenous 
polynucleotide into a host cell., irrespective of the method used for the insertion, for 
example, lipofection, transduction, infection or electroporation. The exogenous 
polynucleotide may be maintained as a non-integrated vector, for example, a plasmid, 
5 or alternatively, may be integrated into the host cell genome. 

An "individual" or "subject" refers to vertebrates, particularly members of a 
mammalian species, and includes, but is not limited to, domestic animals, sports 
animals, rodents and primates, including humans. 

As used herein, "in conjunction with" refers to administration of one treatment 
1 0 modality in addition to another treatment modality, such as administration of an 
rAAV as described herein to a subject in addition to the delivery of factor VIII (in 
polypeptide form) to the same subject. As such, "in conjunction with" refers to 
administration of one treatment modality before, during or after delivery of the other 
treatment modality to the subject. 
15 As used herein, "treatment" is an approach for obtaining beneficial or desired 

clinical results. For purposes of this invention, beneficial or desired clinical results 
include, but are not limited to, alleviation of at least one symptom, diminishment of 
extent of disease, stabilized (i.e., not worsening) state of disease, preventing spread of 
disease, delay or slowing of disease progression, amelioration or palliation of the 
20 disease state, and remission (whether partial or total), whether detectable or 
undetectable. "Treatment" can also mean prolonging survival as compared to 
expected survival if not receiving treatment. 

A "biological sample" encompasses a variety of sample types obtained from 
an individual and can be used in a diagnostic or monitoring assay. The definition 
25 encompasses blood and other liquid samples of biological origin, solid tissue samples 
such as a biopsy specimen or tissue cultures or cells derived therefrom, and the 
progeny thereof. The definition also includes samples that have been manipulated in 
any way after their procurement, such as by treatment with reagents, solubilization, or 
enrichment for certain components, such as proteins or polynucleotides. The term 
30 "biological sample" encompasses a clinical sample, and also includes cells in culture, 
cell supernatants, cell lysates, serum, plasma, biological fluid, and tissue samples. 

"Palliating" a disease means that the extent and/or undesirable clinical 
manifestations of a disease state are lessened and/or time course of the progression is 
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slowed or lengthened, as compared to not administering rAAV vectors of the present 
invention.^* : * • «;:• • ,! : :.\t. -"■ : r * 

, .As indicated^ spacer DNA may be included within the construct ofthe 
. invention; By:"spacer DNA" is intended nonsense DNA that does not encode a 
5 p ro ? ein does.not act as a promoter or promoter element. • That is; spacer DNA may 
be. utilized to provide, any spatial requirements for the expression of the factor VIII 
nucleic acid molecule. The size or length of the spacer DNA may; vary from a few 
nucleotides to several hundred nucleotides.. The length of the spacer DNA will be 
limited by the size of the nucleotide sequence ofthe factor VIII to be expressed and 
1 0 the enhancer element, recognizing the size limitations of the rAAV' vector. - 

■ - t . ■ By. "titer" is intended the number of infectious viral units per volume of fluid. 
- - J By; "high. titerrAAV stock" is intended a stock^of viral particles 'as produced 
\ t , from a production; system, without artificial manipulation. "Without ^artificial*'- 
manipulation" means that the number of viral /particles has not"been^manipulated by 
15 , poolings ^multiple runs, or other concentration means. For purposes ofthe invehtion, 5 
.: .'one plate of cells, having about 2xl0 7 cells,, will generate approximately 2 to 3x1 0 n 
particles. These numbers can be scaled'up appropriately..! Ofthe number of Viral 
particles produced, 1% will be functional virus/ That is, 1 in 100 will express the 
factor VIII protein: Thus;- approximately 2xl0 9 infectious virus particles in the 
20 preparation are. functional; About. 9.0 ^ .1 00%, of these express the transgerie: r -\ * 
;i „• ( -,,By "infectious units" is intended the smallest unit that causes a detectable 
. . . effect when placed with a susceptible host. Assays for the determination of infectious 
units are known. , For example; an one method used in the 1 invention,' virus is replicated 
on reporter cells in the presence.of adenovirus and wild type AAV. After replication, 
25 DNA is obtained from the cells, probed for factor VIII coding sequence: In this 
manner, the number of rAAV in the cells can be determined. .■ 

i!.; To measure the total number of particles, cells can be probed with "a viral 
nucleotide sequence. In the methods of the invention, the rAAV/factdr VIII vector 
comprises about 90 to 99.9%, preferably about 99 to about 99.99% of the total ' 
30 particles. Wild type virus accounts for less than ;01 % of the total particles. Of these 
99.9% of the particles obtained, 1 in 100, or 1% will be functional virus, that is will 
be virus that expresses the B-domain deleted factor VIII transgene. 
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The present invention is based, in part, on the unexpected finding that a 
biologically active B-domain deleted factor VIII -encoding nucleotide sequence is 
efficiently packaged in a recombinant AAV (rAAV) vector. Administration of the 
rAAV vector carrying a B-domain deleted human factor VIII (BDD human factor 
5 VIII) under the control of a liver-preferred enhancer element to mice resulted in long- 
term expression (> 14 months) of B-domain deleted human factor VIII by the liver 
and therapeutic levels of B-domain deleted human factor VIII protein (-27% of 
normal) in the plasma of treated animals. Accordingly, the present invention provides 
novel reagents and methods for the treatment of hemophilia A using a rAAV vector 

1 0 for gene delivery. 

, A rAAV vector is an AAV virus particle that carries a heterologous (i.e. 9 
foreign) gene in its genome. rAAV vectors require at least one of the 145 base 
terminal repeats in cis of the 4679 wild type bases to generate virus. All other viral 
sequences are dispensable and may be supplied in trans (Muzyczka, (1992) Curr. 

15 Topics Microbiol Immunol 158:91). Typically, rAAV vectors will only retain the 
minimal terminal repeat sequences so as to maximize the size of the transgene that 
can be efficiently packaged by the vector. 

As used herein, "infection" or "transduction" of a cell by AAV means that the 
AAV enters the cell to establish a latent or active infection. See, e.g., Fields et ah, 

20 Virology, Volume 2, Chapter 69 (3d ed., Lippincott-Raven Publishers). In 

embodiments of the invention in which the AAV is administered to a subject, it is 
preferred that the AAV integrates into the genome and establishes a latent infection. 
However, such integration is not required for expression of a transgene carried by a 
rAAV vector as the vector can persist stably as an episome in transduced cells. 

25 Except as otherwise indicated, standard methods may be used for the 

construction of rAAV vectors, helper vectors, and cells according to the present 
invention. Such techniques are known to those skilled in the art (see, e.g., Sambrook 
et ah (1989) Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor 
Laboratory Press, Plainview, NY); Aububel et ah (1995) Current Protocols in 

30 Molecular Biology (Green Publishing Associates, Inc. and John Wiley & Sons, Inc., 
NY). 
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•■. -• " . .• : ■: .o ■ •• ; . . , . ■ . • '. 

A. rAAV Vectors Encoding B-domain Deleted Factor VIII. ■:!/ ;.'..,< 

. The present invention provides a construct encoding a biologically-active B- 
domain deleted factor Vllf that, can be efficiently, packaged, delivered, and expressed 
5, using a rAAV vector. In some embodiments, an AAV ITR comprised in the rAAV 

vector drives, expression of the B-domain deleted factor VIII nucleotide sequence 
. , . .without an additional promoter. The rAAV vectors of the invention include at least 
one enhancer and at least one promoter to promote expression. rAAV/factor VIII 
• actors according to. the present inyemion may be produced in sufficient titers to 
1 0 permit.administration to cells and subjects for the production of the encoded B- 
domain deleted factor VIII protein or for. therapeutic treatment (for veterinary or 
medical uses, e.g., to enhance bloqd&oagulati.on or to treat hemophilia A)..; .• 7 

These results are unexpected in ; light. of the known packaging limitations of 
AAV vectors. These limitations place constraints on<the size of the heterologous 
15. nucleotide sequences and/or, expression control elements that may be efficiently 

packaged by the AAV capsid, (see, e,g. ,i Russell et o/.r(J 999) Blood 94:S64; Chuah et 
r . : o/ - iO ???) Critical., ReyiepJn Oncolpgy/ffematology.28:l5yy. ■■ . -„:••,: 

J .The.full-length factor yiU gene is-186 kb'in length and encodes a 9029 
nucleotide mRNA. A cDNA encoding the full-length factor VIII. would greatly 
20 exceed the packaging capacity of rAAV vectors. It has been found that the B domain 
I s not pepessary, for factor, yill function. Deletion of the sequences encoding the B- 
.. „ ,. domain produces an approximately 4.4 to 4.6 kb cDNA B-domain deleted factor VIII. 
, The art teaches that even. tins smaller construct could.not be efficiently packaged and 
expressed using a rAAV vector because of the challenge of adding adequate . ■ 
25 expression control elements (e.g., promoters, enhancers, poly(A) site) for high-level 
expression without exceeding the size limitations for high titer production in AAV 
(Russell etal. ((1999) Blood 94:864, at page 868,rCoh ;l, para. 2). 

, -, Accordingly, it. was .quite surprising ; that the present inventors achieved an 
efficient packaging of the recombinant vector such that, a high titer rAAV/B-domain 
30 . deleted human factor VIII stock was.achieyed. Particularly; in view of the fact.that the 
rAAV, vector used a transgene expression cassette that was 1 09% of wild-type (5084 
bp). Moreover, this B-domain deleted human factor VIII vector is expressed long- 
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term and at high levels by hepatocytes in vivo and produces therapeutic levels of B- 
domain deleted human factor VIII protein in plasma of treated animals. 

As indicated the present invention provides rAAV vectors carrying a 
heterologous nucleotide sequence encoding a biologically active B-domain deleted 
5 factor VIII. The nucleotide sequence encoding the B-domain deleted factor VIII may 
be from any species, including avian and mammalian species. Preferably, the B- 
domain deleted factor VIII is mammalian (e.g., mouse, rat, lagomorph, feline, canine, 
bovine, porcine, ovine, caprine, equine, simian, human, and the like), more preferably 
the B-domain deleted factor VIII is a human B-domain deleted factor VIII. As a 

1 0 further alternative, the B-domain deleted factor VIII may an inter-species hybrid, as 
described below. The nucleotide sequences may also be a synthetic sequence. 
Variants and fragments of the B-domain deleted factor VIII sequence are also 
encompassed, so long as they retain factor VIII biological activity. 

The biologically active B-domain deleted factor VIII coding sequences must 

15 be sufficiently small so that they can be packaged by AAV. It is preferred that the 
size of the B-domain deleted factor VIII transgene construct be about 4.8 kb or 
shorter, more preferably about 4.7 kb or shorter, yet more preferably about 4.6 kb or 
shorter, yet more preferably about 4.5 kb or shorter, still more preferably less than 
about 4.4 kb or shorter. 

20 Alternatively stated, it is preferred that the B-domain deleted factor VIII 

transgene cassette (i.e., including ITRs and other expression control elements) is 
about 5.2 kb or shorter, about 5.1 kb or shorter, about 5.0 kb or shorter, about 4.9 kb 
or shorter, 4.8 kb or shorter, about 4.7 kb or shorter, about 4.5 kb or shorter, or about 
4.4 kb or shorter. The B-domain deleted factor VIII transgene cassette is of a size that 

25 can be efficiently packaged to produce rAAV stocks. 

The B-domain deleted factor VIII transgene may be truncated and/or deleted 
to achieve the size described above. Any truncation and/or deletion known in the art 
may be employed as long as the expressed B-domain deleted factor VIII protein 
retains sufficient biological activity (e.g., coagulation). By "sufficient biological 

30 activity", is intended that the B-domain deleted factor VIII possesses enough activity 
to be of use in vitro and/or in vivo. Preferably, the expressed truncated and/or deleted 
B-domain deleted factor VIII retains at least about 25%, about 50%, about 75% ? about 
85%, about 90%, about 95%, about 98%, about 99% or more of the biological activity 

18 



WO 01/27303 : - PCTAJS00/28221 
of the native factor VIII protein. Assays for determining factor VIII biological 
activity are well' known in the ari and include those assays described herein: See also 
Praetor and Rapaport (1961) Blood 72:335 for a description of the one-stage clotting 
assay for determining specific activity of factor VIII. Factor VIII activity may also be 
5 measured in a chromogenic assay (Kabi Coatest; Kabi Vitrurus, Stockholm, Sweden). 

In preferred embodiments, the B-domain deleted factor VIII constructs of the 
present invention will contain deletions in the nucleotide sequences encoding the B- 
domain. Nucleotide sequences encoding portions or all of the B-domain can be 
deleted to minimize traiisgene size.- The constructs of the invention may retain some 
10 nucleotide, sequences from the B-domaih delated region as ; a result of the cloning 

strategy , employed. The amino acid sequence of one human* B-domain deleted factor 
. VIII is provided herein in Figure * :and in SEQ ID NO:2, and is encoded by - 
nucleotides 419 to 4835 of the nucleotide sequence shown in this 'figure'iand SEQ 
ID NO: 1. B-domain-deleted' factor VIII mutant: has dfeleted-residues 760 through 
15 1639 (factor VIII 760-1639) (Pittman etal -(1 993) Blood 1 7:2925. Other B-domain 
deleted factor VIII are known in the art and include those 'encoded'by the factor 
VIIIA756- 1679 and factor VIIIA76T-I639 constructs described ty Gnatenko'e/ al 
(1999) Br. J, Haemotology 104:27, and- the factor VIII 746-1639 construct described 
' by lllet al. (1997) Blood ' Coagulation and Fibrinolysis 8:523 } See also U.Sl-Patent 
20 No. 5,910,481, where several B-domairi deleted- mutants are described. ^THe invention 
•: further provides a canine construct having the amino acid sequence set forth in Figure 
: 6 and SEQ ID NO:4. The canine B-domain deleted factor VIII (B-domain deleted- 
1 canine factor VIII) mutant protein is encoded by nucleotides 428-4790 of the' x 
nucleotide sequence set forth in Figure 6 (SEQ ID NO:3). This construct also has 
25 residues 760-1 63 9 deleted from the B-domain. Variants and fragments of the B- 

domain deleted human factor VIII and B-domain deleted canine factor VIII nucleotide 
sequences are also encompassed by the present invention. 

. . i; In some embodiments, the expression cassette and/or the nucleotide sequence 
, ; ending B-domain deleted faptor VIII has been modified to increase, for example, 
30 the efficiency of transcription and/or translation of the B-domain deleted factor VIII 
transgene. Such modifications, are known in the art and are described, for example, in 
111 et al (1 997) Blood Coagul Fibrinolysis 8(suppl. 2):S23-S30, herein incorporated 
by reference. 
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In other embodiments of the invention, the nucleotide sequence encoding the 
biologically active B-domain deleted factor VIII is substantially identical to the sequence 
given as about nucleotides 419 to 4835 of Figure 1 (SEQ ID NO:l) or to the sequence 
given as about nucleotides 428-4790 of Figure 6 (SEQ ID NO: 3), and encodes a 
5 biologically-active or therapeutically effective B-domain deleted factor VIII . This 
definition is intended to include natural allelic variations in the factor VIII gene. B- 
domain deleted factor VIII according to this embodiment may come from any species 
of origin, or may be a hybrid, each as described above. As used herein, nucleotide 
sequences that are "substantially identical" are at least 75%, and more preferably at least 
1 0 80%, 85%, 90%, 95%, or even 99% identical or more, that is they share at least 75%, 
and more preferably at least 80%, 85%, 90%, 95%, or even 99% identity or more with 
the disclosed sequences. Sequence identity may be determined by methods described 
elsewhere herein. 

High stringency hybridization conditions which will permit substantially 

1 5 identical nucleotide sequences to hybridize are well known in the art. For example, 
hybridization of homologous nucleotide sequences to the sequence given as about 
nucleotides 419-4835 of the sequence shown in Figure 1 (SEQ ID NO:l) or to the 
sequence given as about nucleotides 428-4790 of the sequence shown in Figure 6 (SEQ 
ID NO:3) may be carried out in 25% formamide, 5X SSC, 5X Denhardt's solution, with 

20 1 00 ng/ml of single stranded DNA and 5% dextran sulfate at 42°C for 4, 8, or 12 hours, 
with wash conditions of 25% formamide, 5X SSC, 0.1% SDS at 42°C for 15 minutes, to 
allow hybridization of sequences of about 60% homology. More stringent conditions are 
represented by a wash stringency of 0.3M NaCl, 0.03 M sodium citrate, 0.1% SDS at 
60° or even 70° C using a standard in situ hybridization assay. See Sambrook et 

25 al (1 989) Molecular Cloning: A Laboratory Manual (2d ed., Cold Spring Harbor 
Laboratory Press, Plainview, NY). 

Those skilled in the art will appreciate that the B-ddmain deleted factor VIII 
construct may contain other modifications as long as the expressed B-domain deleted 
factor VIII retains sufficient biological activity (as described above). For example, 

30 the B-domain deleted factor VIII protein may be modified to enhance biological 

activity, extend the half-life of the protein, or reduce antigenic responses in recipients 

being administered the B-domain deleted factor VIII (see, e.g., Kaufman et al (1 998) 

Haemophilia 4:370, the disclosure of which is incorporated herein in its entirety). As 
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a further alternative, the B-domaindeleted factor VIII may be an inter-species hybrid. 
For example, human/porcine hybrids of factor .VIII have been described by US. 
,- t ,Patent No.. 5^583,209 (the .disclosure^ which is incorporated herein iri its entirety). 
Likewise, domain, swaps between. factor V.and factor.VIII hav* produced hybrids 
5 ., with increased half-life and/or biological. activity. : . : 

/Suitable biologically active variants of a native ornaturally occurring protein 

or polypeptide; of interest can be fragments, analogues, and derivatives of that 
polypeptide. By "fragment" is intended a polypeptide consisting of only a part of the 
intact polypeptide sequence.and structure, and can be a C-terminal deletion or N- 
10 ?t terminal .deletipn : of the.native polypeptide. By ''analogue" is intended ah analogue of 
; { ijreitherrthernatiye, polypeptides of ^ fragment of -the native polypeptide, where the 
,; j ; analogue comprises a; native: polypeptide sequence.ahd structure having one or more 

amino, .aqid, substitutions, insertions,, on.deletioris^By derivative" is i 
- ( suitable modification of the natiye, protein or : polypeptide of interest, of a-fragment of 
15 the. natiye protein or polypeptide - 9 or of theirrespective analogues, such as *- r.. ■. 
-> f . glycpsy latipn, ^phosphorylation, or other addition of . foreign moieties, so long as the 
..desired biological activity of the native protein or polypeptide is retained. Methods for 
. makingiSych fragments* analogues, and derivatives are generally available inithe art. 
> .. vi: -:i(i.-?W ? ejtainplc5 amino> acid sequence variants of the protein or polypeptide can 
2 Q ; ;beiprepared ; by mutations in the cloned.DNA sequence encoding the native protein or 
; > , i , PQJypeptide^ pf interest.; Methods for, mutagenesis and nucleotidesequence alterations 
, are.well knqym in the art: See, for example, Walker and Gaastra, eds. (1 983) r. i 

Techniques, in Molecular Biology, (MacMillan Publishing Company, New York); 
t : Kunkel (1985) Pjroc. Natl. Acad^Sci. 82:488-492; Kunkelie/ <r/»(1987) Methods 
25 Enzymol. 154:367-382; Sambrooke/a/. (1 989) Molecular Cloning: A Laboratory 
Manual (Cold Spring Harbor, New; York); U.S. Patent No. 4,873,1 92; and the 
references cited therein; herein incorporated by reference. Guidance as to appropriate 
r •» , amino acid substitutions that dq.not affect . biological activity of the polypeptide of 
interest may s be found in, the model of Dayhoff et al. (197S) in Atlas, of Protein 
30 Sequence and Structure (Natl. Biomed. Res. Found., Washington,, D.C.); herein 

incorporated by reference. Conservative substitutions, such as exchanging one amino 
acid with another haying'similar properties, may be preferred. Examples of 
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conservative substitutions include, but are not limited to, GlyoAla, Val<=>Ile<=>Leu, 
Asp<=>Glu, Lys<=>Arg, Asn<=>Gln, and PheoTrp<=>Tyr. 

In constructing variants of the protein or polypeptide of interest, modifications 
are made such that variants continue to possess the desired activity. Obviously, any 
5 mutations made in the DNA encoding the variant protein or polypeptide must not 

place the sequence out of reading frame and preferably will not create complementary 
regions that could produce secondary mRNA structure. See EP Patent Application 
Publication No. 75,444. 

Biologically active variants of a protein or polypeptide of interest will 

1 0 generally have at least 70%, preferably at least 80%, more preferably about 90% to 

95% or more, and most preferably about 98% or more amino acid sequence identity to 
the amino acid sequence of the reference polypeptide molecule, which serves as the 
basis for comparison. A biologically active variant of a native polypeptide of interest 
may differ from the native polypeptide by as few as 1-15 amino acids, as few as 1-10, 

1 5 such as 6-10, as few as 5, as few as 4, 3, 2, or even 1 amino acid residue. By 

"sequence identity" is intended the same amino acid residues are found within the 
variant protein or polypeptide and the protein or polypeptide molecule that serves as a 
reference when a specified, contiguous segment of the amino acid sequence of the 
variant is aligned and compared to the amino acid sequence of the reference molecule. 

20 The percentage sequence identity between two amino acid sequences is calculated by 
determining the number of positions at which the identical amino acid residue occurs 
in both sequences to yield the number of matched positions, dividing the number of 
matched positions by the total number of positions in the segment undergoing 
comparison to the reference molecule, and multiplying the result by 100 to yield the 

25 percentage of sequence identity. 

For purposes of optimal alignment of the two sequences, the contiguous 
segment of the amino acid sequence of the variant may have additional amino acid 
residues or deleted amino acid residues with respect to the amino acid sequence of the 
reference molecule. The contiguous segment used for comparison to the reference 
30 amino acid sequence will comprise at least twenty (20) contiguous amino acid 
residues, and may be 30, 40, 50, 100, or more residues. Corrections for increased 
sequence identity associated with inclusion of gaps in the variants amino acid 
sequence can be made by assigning gap penalties. Methods of sequence alignment are 
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well known in the art for both amino acid sequences and for the nucleotide sequences 
encoding amino acid, sequences.. . • , ,. 

Thus, the determination of percent identity.between any two sequences can be 
accomplished using a mathematical algorithm. One preferred, non-limiting example 
5 of a mathematical algorithm utilized for the comparison of sequences is the algorithm 
..of Myers, and Miller (1988) CABJOS.4:U-l7. Such an algorithm is utilized in the 
..ALIGN program (version 2,0), which f is part of the GCG sequence alignment software 
package. A PAM120 weight residue table, a gap length penalty of 12, and a gap 
..penalty, of 4 can.be used with the ALIGN-program when comparing amino acid 
1 0 sequences. Another preferred, nonlimiting example of a mathematical algorithm for 
use in comparing two sequences is. the algorithm of Karlin and Altschul (1990) Proc. 
. • , „ Natl. Acad. ScL t/S4.8,7:2264, modified asin Karlin,and- Altschul (1993) Proc. Nail. 
Acad. Sci. USA 90:5873-5877. Such an algorithm is incorporated into\the NBLAST 
and XBLAST programs, of Altschul et al.( 1 9i90)J. . Mol. Biol. 215 :403 , BLAST 
1 5 nucleotide searches can be performed with the NBLAST program, score =? L00* 

Wordlength -f 12,. to .obtain nucleotide sequences homologous, to a nucleotide, sequence 
encoding the. polypeptide! pf interest. .BLAST protein.searches can be performed with 
, , the XBLAST program,, score =. 50, wordlength = 3, to obtain amino acid sequences 
■ -. homologous ,to the polypeptide of interest, <To obtain gapped alignments for 
20 comparison purposes, Gapped BLAST can be utilized as.described in Altschul et al. 
(1997) Nucleic Acids, Res. 25:338.9, Alternatively, PSLBlast can be-used to perform 
an iterated search that, detects distant relationshipsibetween molecules. See Altschul 
. et . P l - (? 997) supra. When utilizing. BLAST, Gapped BLAST, and PSI-Blast « 
,. : programs, the default parameters of the.respective programs (e.g:, XBLAST and 
25 NBLAST) can be used. , See http://www.ncbi.nlm.nih.goy. Also see.. the ALIGN 
program (Dayhqff (1978) in Atlas, of Protein Sequence and Structure 5:Suppl. 3 
(National Biomedical Research Foundation, Washington, D.C:) and programs.in the 
Wisconsin Sequence Analysis Package, Version 8 (available from Genetics Computer 
Group, Madison, Wisconsin),, for example, the GAP program, where default : 
30 parameters of the programs are utilized. yV ., ■ .-. ... 

When considering percentage of amino, acid sequence identity, some amino 
acid residue positions may differ as a result of conservative amino acid substitutions, 
which do not affect properties of protein function. In these instances, percent 
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sequence identity may be adjusted upwards to account for the similarity in 
conservatively substituted amino acids. Such adjustments are well known in the art. 
See, for example, Myers and Miller (1988) Computer Applic. Biol Sci. 4:1 1-17. 
Those skilled in the art will appreciate that a variety of expression control 
5 elements (e.g., promoter and/or transcription factor binding sites and/or enhancers) 
may be operably linked with the heterologous nucleotide sequence encoding the B- 
domain deleted factor VIII depending on the level and tissue-preferred expression 
desired. As noted above, generally, the expression control element will comprise at 
least one enhancer element. However, it is recognized that a promoter or promoter 
10 element may also be included in the cassette. 

Selection of promoters or promoter elements is based in part on size. Small or 
minimal promoters may be preferred due to the packaging size constraints imposed by 
the AAV vector. 

A variety of promoters may be used in the rAAV vectors of the invention, 

15 provided the size constraints noted above are met. These include, but are not limited 
to, the herpes simplex virus thymidine kinase or thymidylate synthase promoters 
(Merrill (1989) Proc. Natl. Acad Sci. USA 86:4987 , Deng et al. (1989) Mol Cell 
Biol P:4079), the hepatitis B virus core promoter (see, for example, Kramvis and 
Kew (1999) J. Viral HepaL 6:415-427), the human Ul snRNA promoter (see, for 

20 example, Asselbergs and Pronk (1993) Mol Biol. Rep. 17:101-1 14), the mouse 

minimal albumin promoter with proximal elements (see, for example Pinkert et al 
(1 987) Genes Dev. 1 :268-276), the promoters described in the PCT publication 
WO09920773 (herein incorporated by reference), the minimal cytomegalovirus major 
immediate early promoter, the early and late SV40 promoters, the adenovirus major 

25 late promoter, the alpha- or beta-interferon promoters, event or tissue preferred 
promoters, etc. Promoters may be chosen so as to potently drive expression or to 
produce relatively weak expression, as desired. 

In one embodiment, rAAV vectors of the invention comprise B-domain 
deleted factor VIII coding sequences under the transcriptional control of a liver- 

30 preferred enhancer element, and an event-specific promoter, such that upon activation 
of the event-specific promoter the gene of interest encoded by the B-domain deleted 
factor VIII nucleic acid molecule is expressed. As used herein, an "event-specific 
promoter" is a promoter that is activated upon under certain cellular conditions. 
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. Numerous event-specific promoters may be utilized within the context of the present 
invention, 'including; without limitation, promoters which are activated by cellular 
proliferation (or are otherwise cell^cycle'dependenf^such as the thymidine kinase or 
thymidylate synthase promoters, orthe transferrin receptor promoter, which will be 
5 transcriptionally active primarily in rapidly proliferating cells ? (such as hematopoietic 
cells), that contain factors capable of activating transcription from these promoters 
preferentially to express and,secrete B-domain deleted factor VIII into the blood 
.. : stream; promoters such as the alpha-, or.betaiinterferon promoters, which are activated 
when a cell is infected by a virus (Fanand Maniatis (1989) EMBOJ.8:\0\; 
10 ,,, .Goodbourn et o/ ;i (l 986). Cell 45:601); and promoters that are activated by.the 

presence of hormones, e.g.; estrogen response promoters. See Tooheyi et.al. ( 1 986) 
Mol. Cell. -Biol, , 6:4526 r ,, :-;.;rfi:-, m:;.- ( ,-.». > -Ji.if.-jrrs-;. . 

In another embodiment, rAAV vectors of the invention comprise the B- 
,. domain deleted factor VIII, gene .under, the transcriptional; controhof aliver-preferred 
1 5 enhancer and a liyer-preferred promoter; such that upon activation of the liver?- 
., / preferred promoter, the B T domain deleted ; factor,YIII gene is;expressed:< ;.. 
i Representative examples of . such liyer-preferred promoters incliAJe^but are not limited 
to Phqsphq r Enol : I>yruyate..Carboxy-Kinas.e ("PEPGK") (Hatzoglb.u..ef al(l 988) J. 
•Biql. c ChemM <Sd:1118; 
2,0. ; , Vaulont et al (1989) Mql. CelL-Biok <5:4.409), : the alcohokdehydrbgenase promoter 
, (Felder (1989) Proc. Natl- Acad, jSci. t USA^.6i5S!0})^a^^ht albumin promoter and 
the alphafetoprotein prompter (Feu.erman\gr <3/.-(l 989) Mol. Cell. Biol 9A204; 
Camper and jTilghman ( 1989) Genes Develop. 3:537). ■, . .;»..•: -.-,„• 
l:.; . The present invention also encompasses embodiments in which therAAV 
25 vectors contain promoter elements that are . binding ; sites for specific transcription 

■ . factors These promoter elements are referred to herein as I'transcription factor binding 
.,. :; sites." Tlie transcription factors that:bind these; sites may be ubiquitous or tissue- 
preferred. Non-limiting examples of binding sites for ubiquitous transcription factors 
include the TATA box (TATAAAA), which binds TFIID; the CAAT box 
30 (GGCCAATCT), which binds CTF/NF; the GC box (GGGCGG), ; which binds SP 1 , < 
and : the ATF box (GTGACGT), which binds ATF. , .Non-limiting examples of tissue- 
preferred transcription factor binding sites include, the liver-rpreferred CAAT box 
binding sites forC/EBP proteins (optimal palindrome GATTGCGCAATC; set forth 
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in SEQ ID NO:5); the binding sites for HNF1, HNF3, and HNF4 (see, for example, 
Costa and Grayson (1991) Nucleci Acids Res. 19:4139-4145); and the binding site for 
TGT3 (see, for example, Chiang et al (1992) Biochim. Biophys. Acta 1 132:337-339). 
In some embodiments of the invention, the expression control element 
5 comprises an enhancer for liver-preferred expression of the transgene. Non-limiting 
examples of such enhancers encompassed by the present invention include the al 
microglobulin/bikunin enhancer (see, for example, Rouet et al (1992) J. Biol. Chem. 
267:20765029773), the hepatitis B virus Enhl (e.g. nucleotides 150-278 of Figure 1 or 
SEQ ID NO:l and Guo et al (1991) J. Virol 65:6686-6692) and Enhll (Gustin et al 
10 (1993) Virology 193(2):653-60) enhancers, the human albumin Ei.7and Ee enhancers 
(Hayashi et al (1992) J. Biol Chem. 267:14580-14585), and the human 
cytomegalovirus immediate early gene enhancer (Boshart et al (1985) Cell 41 :521- 
530). 

While any expression control element(s) known in the art may be employed, 
1 5 those skilled in the art will understand that the expression control element(s) 

employed will preferably comply with the size constraints described for AAV vectors. 

In addition, the rAAV vectors of the invention may contain polyadenylation 
signals operably linked with the heterologous nucleic acid sequence(s) to be delivered 
to the target cell. These polyadenylation sequences preferably conform to the size 
20 limitations described above. Preferred polyadenylation comprise less than about 100 
bp. In one embodiment, the poladenylation signal is a synthetic polyadenylation 
signal (see, for example WO09920773, herein incorporated by reference). 

In one embodiment of the invention, the B-domain deleted factor VIII 
transgene cassette is as shown in Figure 1 (SEQ ID NO:l). This construct includes 
25 the left and right AAV terminal repeats and, in the 5' to 3 f direction, the hepatitis B 
virus Enhl enhancer (nt 150-278), spacer sequence (nt 279-399), a B-domain deleted 
human factor VIII coding region (nt 419-4835), and the TK polyadenylation sequence 
(nt 4840-4914). 

30 B. Methods of Producing rAAV Stocks. 

There are at least three desirable features of an rAAV virus preparation for use 
in gene transfer. First, it is preferred that the rAAV virus should be generated at titers 
sufficiently high to transduce an effective proportion of cells in the target tissue. A 
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high number of rAAV infectious units are typically required for gene transfer in vivo. 
For example, some treatments may require in excess, of about 10 8 particles, about 10 9 
particles, about 10 10 particles,. ; about lO 1 ! particles, about 1.0 12 particles, about 10 13 
. , particleg, about 10 14 , particles, about, 1,0? particles. -Second,. it is preferred that the 
5 . rAAV virus, preparations should be essentially free of replication-competent AAV 
(i.e., phenotypically wild-type AAV which can be replicated in the presence of helper 
virus or helper virus functions). Third, it is preferred that the rAAV virus preparation 
as a whole be essentially free .of other viruses (such as a helper virus used in AAV 
:iPT?4«^? n ) as -well as helper, yirus and cellular proteins, and other components such 
1 0 as lipids and carbohydrates,, so as .to minimize or eliminate any. risk of generating an 
: ■■' A^^W^^K**.."* .th.?^9nWioCgene.tr^uefer. . This.latter r jjoint is, especially. 
...significant in the context of AAV becauseAAV is a ^helper-dependent"; yirus that 
. requires. co T infection with a helper virus, (typically adenovirus) or other, provision of 
.mpe&YVp? functions in. order to be effectively replicated and packaged during the 
15 process of AAV production; and, moreover, as described above, adenovirus has been 
observed to generate a host immune response in thexontext of gene transfer ,,; 
... i ; ^Rlfeations (see,.e.g.,,Le et ed.jQ. 997); Byrnes ; e/ al. : (1 995) Neurqscience 55:1015; 
McCoy et al. {\995\Human Gene .Therapy 5:1553; andean et al. (1995) Gene 
Therapy 2:151). ... ,. .,.„,.., , ; , , 

20 . In order to replicate and package the rAAV vec tor> the missing functions are, 

complemented with a packaging ( gene, or a, plurality thereof, which .together, encode 
the necessary functions for the various missing rep and/or cop.gene products,. r The 
packaging genes or gene cassettes are preferably.not flanked by AAV ITRs. and 
preferably do not share any substantial homology with the rAAV genome.,.. 
25 , The rAAV vector construct and complementary packaging gene constructs can 
be implemented in this invention in a number of different forms. Viral particles, 
plasmids, and stably transformed host cells can all be used to introduce such , , 

constructs into the packaging cell, eiAer ; ti;ansienUy r or,stebly. . .., . ... , . 

' A. variety, of different genetically altered cellsean thus be used in the,context 
30 of this invention., By way of illustration, a mammalian host .cell may.be used with at 
least one intact copy, of a. stably, integrated rAAV vector.; .An AAV packaging plasmid 
comprising at least an AAV rep gene operably linked to a promoter can be used to 
supply replication functions (as described in U.S. Patent 5,658,776). Alternatively, a 
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stable mammalian cell line with an AAV rep gene operably linked to a promoter can 
be used to supply replication functions (see, e.g., Trempe et al., U.S. Patent 
5,837,484; Burstein et al., WO 98/27207; and Johnson et al., U.S. Patent 5,658,785). 
The AAV cap gene, providing the encapsidation proteins as described above, can be 
5 provided together with an AAV rep gene or separately (see, e.g., the above-referenced 
applications and patents as well as Allen et al. (WO 96/17947). Other combinations 
are possible. 

As is described in the art, and illustrated in the references cited above and in 
Examples below, genetic material can be introduced into cells (such as mammalian 

1 0 "producer" cells for the production of rAAV) using any of a variety of means to 

transform or transduce such cells. By way of illustration, such techniques include, but 
are not limited to, transfection with bacterial plasmids, infection with viral vectors, 
electrbporation, calcium phosphate precipitation, and introduction using any of a 
variety of lipid-based compositions (a process often referred to as "lipofection"). 

1 5 Methods and compositions for performing these techniques have been described in 
the art and are widely available. 

Selection of suitably altered cells may be conducted by any technique in the 
art. For example, the polynucleotide sequences used to alter the cell may be 
introduced simultaneously with or operably linked to one or more detectable or 

20 selectable markers as is known in the art. By way of illustration, one can employ a 
drug resistance gene as a selectable marker. Drug resistant cells can then be picked 
and grown, and then tested for expression of the desired sequence (i.e., a product of 
the heterologous polynucleotide). Testing for acquisition, localization and/or 
maintenance of an introduced polynucleotide can be performed using DNA 

25 hybridization-based techniques (such as Southern blotting and other procedures as 
known in the art). Testing for expression can be readily performed by Northern 
analysis of RNA extracted from the genetically altered cells, or by indirect 
immunofluorescence for the corresponding gene product. Testing and confirmation 
of packaging capabilities and efficiencies can be obtained by introducing to the cell 

30 the remaining functional components of AAV and a helper virus, to test for 

production of AAV particles. Where a cell is inheritably altered with a plurality of 
polynucleotide constructs, it is generally more convenient (though not essential) to 
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introduce them to the cell separately, and validate each step seriatim. References 
describing such techniques include those cited herein. r- : . . 

; In one approach to packaging rAAV vectors in an AAV particle, the rAAV 
vector sequence (i.e. , the sequence flanked by AAV ITRs), and the AAV packaging 
5 • genes to be provided in trans* are introduced into the host cell in separate bacterial 
plasmids. Examples of this approach are described in Ratschin et al (1 984) Mol. 
Cell. Biol. 4:2012; Hermonat et o/.(1984) Proc. Natl. Acad. Sci. USA 51:6466; 
Tratschine/a/. (1985) Mol Cell Biol 5:325.1; McLaughlin et al. (988)7. Virol. 
(52:1963; Lebkowski et al. (188) Mol. Cell. Biol. 7:349; Samulski et al. (989) J. Virol. 
10 65:3822-3828; and Flotte et al (1992) Am.- J. Respir. Cell: Mol. Biol. . 7:349. y 

A second approach is to provide either, the rAAV vector sequence, or the AAV 
, packaging genes, in the form of an episomal plasmid in a mammalian cell used for 
AAV replication. See,.for example. U.S. Patent 5,173,414. 

.. , , A third approach is to. provide either the rAAV vector sequence or the AAV 
1 5 packaging genes, or both, stably integrated into the genome of the mammalian cell 
, used for replication; , ..... . 

One exemplary technique of this third approach is outlined in international 
patent application WQ 95/13365. (Targeted Genetics Corporation and Johns Hopkins 
University) and corresponding U.S: Patent No. 5,658,776 (by Flotte- et al.). This 
20 example uses a mammalian cell with at least one intact copy of a stably integrated 

rAAV vector, wherein the vector comprises an AAV. ITR and a transcription promoter 
operably linked to a target polynucleotide, but wherein the expression of rep is 
limiting in the cell. In a preferred embodiment, an AAV packaging plasmid 
comprising the rep gene operably linked to a heterologous promoter is introduced into 
25 the cell, and then the cell is incubated under conditions that allow replication and 
packaging of the rAAV vector sequence into particles. 

Another approach is. outlined in Trempe et al., U.S. Patent 5,837,484. This 
example uses a stable mammalian cell line with an AAV rep gene operably linked to 
a heterologous promoter so as to.be capable of expressing, functional Rep protein. In 
30 various preferred embodiments, the AAV cap gene can be provided stably as well or 
can be introduced transiently (e.g. on a plasmid). An rAAV vector, can also be 
introduced stably or transiently. 
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Another approach is outlined in patent application WO 96/1 7947 (Targeted 
Genetics Corporation). This example uses a mammalian cell which comprises a 
stably integrated AAV cap gene, and a stably integrated AAV rep gene operably 
linked to a helper virus-inducible heterologous promoter. A plasmid comprising the 
5 rAAV vector sequence is also introduced into the cells (either stably or transiently). 
The packaging of rAAV vector into particles is then initiated by introduction of the 
helper virus. 

Methods for achieving high titers of rAAV virus preparations that are 
substantially free of contaminating virus and/or viral or cellular proteins are outlined 

10 by Atkinson et al. in WO 99/1 1764. Techniques described therein can be employed 
for the large-scale production of rAAV viral particle preparations. 

These various examples address the issue of producing rAAV viral particles at 
sufficiently high titer, minimizing recombination between rAAV vector and 
sequences encoding packaging components, reducing or avoiding the potential 

1 5 difficulties associated with the expression of the AAV rep gene in mammalian cell 

line (since the Rep proteins can not only limit their own expression but can also affect 
cellular metabolism) and producing rAAV virus preparations that are substantially 
free of contaminating virus and/or viral or cellular protein. 

Packaging of an AAV vector into viral particles relies on the presence of a 

20 suitable helper virus for AAV or the provision of helper virus functions. Helper 
viruses capable of supporting AAV replication are exemplified by adenovirus, but 
include other viruses such as herpes viruses (including, but not limited to, HS V 1 , 
cytomegalovirus and HHV-6) and pox virus (particularly vaccinia). Any such virus 
may be used. 

25 Frequently, the helper virus will be an adenovirus of a type and subgroup that 

can infect the intended host cell. Human adenovirus of subgroup C, particularly 
serotypes 1, 2, 3, 4, 5, 6, and 7, are commonly used. Serotype 5 is generally 
preferred. 

The features and growth patterns of adenovirus are known in the art. See, for 
30 example, Horowitz, "Adenoviridae and their replication", pp 771-816 in 

"Fundamental Virology", Fields et al., eds. The packaged adenovirus genome is a 
linear DNA molecule, linked through adenovirus ITRs at the left- and right-hand 
termini through a terminal protein complex to form a circle. Control and encoding 
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regions for. early, intermediate, and late components overlap within the genome. 
Earlyiregion genesare implicated in replication of the adenovirus genome, and are 
grouped depending on^their ldcanon into tHefel', E2, E3, and E4 regions. 

Although- not essential, in principle it is desirable 1 that the helper virus strain be 
5 defective for replication in the subject ultimately to' receive the genetic' therapy. Thus, 
any residual helper virus present- in an r AAV virus preparation will be replication- 
incompetent: Adenoviruses from which the El A or both the El A and the E3 region 
have been removed are not infectious for W human cells: They can be replicated in 
a permissive cell line (e.g., -the human '293 cell line) which is capable of 
1 0 complementing .the missing activity. Regions of adenovirus that appear to be ' 
associated with helper function, as well as regions 'thaWd not, have been identified 
. . . and described in the art (sbe,ie; gl ,-P. Colosi et al./W097/l ; 745S,"arfd references cited 
therein).;- r it-/. \-H ■.'/; • ,hai:,-.Vs- .-Jlr, f s:.. /:<t.-:- . —.v.-r-, 

> ! .For.exampleJ as described- in Atkiiisdrt et si^WQ 99/1 1764); a "conditionally- 
15; ■ -. sensitive" helper virus can also be'empldyed td'provide 1 helper virus-activity: ! Such a' 
v helper, virus' strain must minimally have the property of being able to support AAV 
replication in a host- cell under :at least one s^'b^iidito-wMeieit'it^lf^ddeS'not 
.. . ; undergo efficient genomic' replicationi^Where helper 1 virus activity is'siipplied^s 
.-^-.intact-virus parti elegit is also generally necessary that the'-virus be'c ; ap ! aijle ; of i 
20 ... replication- in a host-cell undeKa second set^f conditions^ The first-set of conditions' 
will-differ from the>second set of condition^ 
•;: thepresence or absence of a required cdfactor (such-as a cation), the presence ; 6r 
absence of an inhibitory drug, or a shift in an envirdnmental condition such as 
temperature. Most conveniently, the difference between the two conditions is 
25 temperature, and such a conditionally-sensitive virus' is thus referred to as a'"'"-- 
temperature-sensitive helper virus. • ■; . ..: , 

" - helper, virus may be prepared iriany cell that is perinissive for viral ' ' 
: replication. For adenovirus, preferred cellslnclude 293 cells and HeLa-cells: :j It'is 
preferable to employ culture techniques that permit an increase in seeding density. 
30 293: cells and HeLa cell variants are available thathave-beeri adapted to suspension ' 
culture, HeLa is preferable for reasons of celhgrdwth; viability and morphology in 
suspension. These cells can be grownat sufficient density (2 x 10 6 per ml) tomake 
up for the lower replication rate of the temperature-sensitive adenovirus strain. Once 
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established, cells are infected with the virus and cultured at the permissive 
temperature for a sufficient period; generally 3-7 days and typically about 5 days. 

Examples of methods useful for helper virus preparation, isolation and 
concentration can be found in Atkinson et al. (WO 99/1 1 764). 
5 Several criteria influence selection of cells for use in producing rAAV 

particles as described herein. As an initial matter, the cell must be permissive for 
replication and packaging of the rAAV vector when using the selected helper virus. 
However, since most mammalian cells can be productively infected by AAV, and 
many can also be infected by helper viruses such as adenovirus, it is clear that a large 
10 variety of mammalian cells and cell lines effectively satisfy these criteria. Among 
these, the more preferred cells and cell lines are those that can be easily grown in 
culture so as to facilitate large-scale production of rAAV virus preparations. Again, 
however, many such cells effectively satisfy this criterion. Where large-scale 
production is desired, the choice of production method will also influence the 
1 5 selection of the host cell. For example, as described in more detail in Atkinson et al. 
(WO 99/1 1 764) and in the art, some production techniques and culture vessels or 
chambers are designed for growth of adherent or attached cells, whereas others are 
designed for growth of cells in suspension. In the latter case, the host cell would thus 
preferably be adapted or adaptable to growth in suspension. However, even in the 

20 case of cells and cell lines that are regarded as adherent or anchorage-dependent, it is 
possible to derive suspension-adapted variants of an anchorage-dependent parental 
line by serially selecting for cells capable of growth in suspension. See, for example, 
Atkinson et al. (WO 99/1 1764). 

Ultimately, the helper virus, the rAAV vector sequence, and all AAV 

25 sequences needed for replication and packaging must be present in the same cell. 

Where one or more AAV packaging genes are provided separately from the vector, a 
host cell is provided that comprises: (i) one or more AAV packaging genes, wherein 
each said AAV packaging gene encodes an AAV replication or encapsidation protein; 
(ii) a heterologous polynucleotide introduced into said host cell using an rAAV 

30 vector, wherein said rAAV vector comprises said heterologous polynucleotide flanked 
by at least one AAV ITR and is deficient in said AAV packaging gene(s); and (iii) a 
helper virus or sequences encoding the requisite helper virus functions. It should be 
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noted, however, that one or more of these elements may be combined on a single 
. replicpn. >: . rr .. j . » . ■ .;.''}:' 

The helper ; yii*is is preferably introduced into the cell culture at a?level 
sufficient to infect most of the. cells in culture, but can .otherwise be kept to a 
5 minimum in^prder to .limit, the amount of helper virus present in the resulting 

preparation. A multiplicity of infection or ."MOI" of 1 - 1 00 may be used,, but an MOI 
of 5- 10 is typically, adequate. . . , . . . • 

. . Similarly, if the rAAV .vector and/or packaging genes, are transiently. , 
. .. / introduced into the packaging cell (as opposed to being stably introduced), they are 
10 ^preferably introduced at a. level sufficient to genetically altermost of the: cells in 
culture. Amounts generally required are,pf the. order of lOifig per 10- cells, if 
, t supplied as a bacterial plasmid; or-10? particles per 10 5 ; cells,: if supplied as an AAV 
, i • • particle. Determination of ;an optimal amount.is an exercise of routine .titration that is 

within the ordinary skill of the artisan./ v?. s/'^.iirn >^-v:>* r.-. w. - 
15 : j ; ; These elements can be introduced into the cell, either simultaneously, or 

v.:: sequentially in any order. -Where the cell is inheritably.alteredby any of the elements, 
the iCell can be selected and. allowed to proliferate before introducing the next element. 
- : In one prrfen-ed example^ introduced last into the cell to rescue 

and package a resident rAAV vector^ The' cell will generally.alreadyibe supplemented to 
20 . ; the.extent necessaiy with AAV packaging genes. .Preferably, either the rAAV vector or 
the packaging genes, and. more preferably both are stably integrated into the cell/ It is 
readily appreciated that other combinations are. possible.- Such combinations are 
- included within the scope, of the invention. -\ ; ; .. . , ; 

■; : Once the host cell is provided with the requisite elements, the cell is cultured 
25 .under conditions that are permissive for the replication AAV, to allow replication and 
packaging of the rAAV vector. Culture time is preferably adjusted to correspond to 
peak production levels, and is typically 3-6,days. rAAV particles are then collected, and 
isolated from the cells used to prepare them. ' f / r - > ■ \ . . /< 

/ /. Optionally^rAAV virus preparations can be further processed to enrich for 
30 .rAAV particles, deplete helper virus particles, or otherwise render ;them. suitable for 
; administration to a subject. See Atkinson.et al. for exemplary. techniques (WO 
99/1 1764). Purification techniques can include isopynic gradient centrifugation, and 
chromatographic techniques. Reduction of infectious helper virus activity can include 
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inactivation by heat treatment or by pH treatment as is known in the art. Other 
processes can include concentration, filtration, diafiltration, or mixing with a suitable 
buffer or pharmaceutical excipient. Preparations can be divided into unit dose and 
multi dose aliquots for distribution, which will retain the essential characteristics of the 
5 batch, such as the homogeneity of antigenic and genetic content, and the relative 
proportion of contaminating helper virus. 

Various methods for the determination of the infectious titer of a viral 
preparation are known in the art. For example, one method for titer determination is a 
high-throughput titering assay as provided by Atkinson et al. (WO 99/1 1764). Virus 

1 0 titers determined by this rapid and quantitative method closely correspond to the titers 
determined by more classical techniques. In addition, however, this high-throughput 
method allows for the concurrent processing and analysis of many viral replication 
reactions and thus has many others uses, including for example the screening of cell 
lines permissive or non-permissive for viral replication and infectivity. 

15 A preferred method for providing helper functions through infectious 

adenovirus employs a non-infectious adenovirus miniplasmid that carries all of the 
helper genes required for efficient AAV production (Ferrari et al (1997) Nature Med 
5:1295; Xiao et al (1998) J. Virology 72:2224). The rAAV titers obtained with 
adenovirus miniplasmids are forty-fold higher than those obtained with conventional 

20 methods of wild-type adenovirus infection (Xiao et al. (1998) J. Virology 72:2224). 
This approach obviates the need to perform co-transfections with adenovirus 
(Holscher et al (1994) J. Virology 68:7\69; Clark et al (1995) Hum. Gene Ther. 
5:1329; Trempe and Yang (1993), in, Fifth Parvovirus Workshop (Crystal River, FL). 
Other methods of producing rAAV stocks have been described, including but 

25 not limited to, methods that split the rep and cap genes onto separate expression 

cassettes to prevent the generation of replication-competent AAV (Allen et al (1997) 
J. Virol. 77:6816), and methods employing packaging cell lines (Gao et al (1998) 
Human Gene Therapy P:2353; Inoue et al (1998) J. Virol 72:7024). 

The present invention provides methods of producing a high titer rAAV vector 

30 stocks carrying the B-domain deleted factor VIII transgenes and B-domain deleted 
factor VIII expression cassettes of the invention. These results are surprising as prior 
attempts to produce rAAV/factor VIII have failed to generate adequate titers of virus 
for in vivo administration. 
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The inventive methods of producing high titer rAAV/B-domain deleted factor 
VIII stock involves infecting a packaging cell with a rAAV vector carrying a, 
heterologous nucleotide sequence encoding a B-domain deleted factor VIII, as 
described above. The rAAV vector is replicated and packaged by the.packaging cell, 
5 and the rAAV particles are collected to form an AAV stock. This stock has a titer of 
at least about 10 4 , about 10 5 , about 10 6 , about 10 7 , about 10 8 , about 10 9 , about 10 10 , 

about 10 n , about 10 12 , or about io 13 particles per milliter. 

.;* <i •■.:.«■: i- r " r- f * w.i - ■ . : • ■ *■ ' •: ■ ' . 

Preferred packaging cells for producing rAAV stocks are known in the art and 
..; f i .o. V.. • ' r .::. ,-"Jy. l jii: ••>. i < - * *' ' 1 - ' 

include packaging cells for producing rAAV by methods involving adenovirus helper 

10 virus or adenovirus miniplasmids, including but not limited to, 293 cells (see, e.g., 

Samulski et ah (1989) J. Virology £3:3822; Ferrari et al (1997) Nature Med 5:1295; 

Xiao e/ a/. (1998) J. Virology 72:2224). Other rAAV packaging cells include those 

described by Gao era/. (1998) Human Gene Therapy P:2353 and Inoue e/ a/. (1998) 

j.'K/ro/. 72:7024. ' 
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Gene Transfer Technology. 



The methods of the present invention provide a means for delivering 

;j .. • ; hi'ipr! m": i 'i^:- ' ; ) '".sr •? ■ r *r .* nor;;. ; -?iu.-. i. . i -.»(*.■' 

heterologous nucleotide sequences into a broad range of host cells, including dividing 
and non-dividing cells both in vitro (e.g., to produce factor VIII protein or for ex vivo 

20 gene therapy) and in vivo. The vectors, methods, and pharmaceutical formulations of 
the present invention are additionally useful in a method of administering a protein or 
peptide to a subject in need thereof, or a method of treatment or otherwise. In this 
manner, the protein or peptide may thus be produced in vivo in the subject. The 
subject may be in need of the protein or peptide because the subject has a deficiency 

25 of the protein or peptide, or because the production of the protein or peptide in the 
subject may impart some therapeutic effect, as a method of treatment or otherwise, 
and as explained further below. 

In general, the present invention can be employed to deliver any heterologous 
nucleotide sequence encoding a biologicallyractive B-domain deleted factor VIII that 

30 can be packaged by a rAAV vector, as described above. The heterologous, nucleotide 
sequence encoding the B-domain deleted factor VIII gene may be administered to a 
subject to achieve a therapeutic effect. For example, the heterologous nucleotide 
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sequence encoding the B-domain deleted factor VIII may be administered to enhance 
(e.g., improve, increase, augment) blood coagulation. 

D. Subjects, Pharmaceutical Formulations, Vaccines and Modes of 
5 Administration. 

The present invention finds use in veterinary and medical applications. 
Suitable subjects include both avians and mammals, with mammals being preferred. 
The term "avian" as used herein includes, but is not limited to, chickens, ducks, geese, 
quail, turkeys and pheasants. The term "mammal" as used herein includes, but is not 
10 limited to, humans, bovines, ovines, caprines, equines, felines, canines, lagomorphs, 
etc. Human subjects are most preferred. Human subjects include neonates, infants, 
juveniles, and adults. 

In particular embodiments, the present invention provides a pharmaceutical 
composition comprising a rAAV particle of the invention in a pharmaceutical^ 
15 acceptable carrier or other medicinal agents, pharmaceutical agents, carriers, 

adjuvants, diluents, etc. For injection, the carrier will typically be a liquid. For other 
methods of administration, the carrier may be either solid or liquid, such as sterile, 
pyrogen-free water or sterile pyrogen-free phosphate-buffered saline solution. For 
inhalation administration, the carrier will be respirable, and will preferably be in solid 
20 or liquid particulate form. As an injection medium, it is preferred to use water that 
contains the additives usual for injection solutions," such as stabilizing agents, salts or 
saline, and/or buffers. 

By "pharmaceutically acceptable" is intended a material that is not 
biologically or otherwise undesirable, i.e., the material may be administered to a 
25 subject along with the viral vector without causing any undesirable biological effects. 
Thus, such a pharmaceutical composition can be used, for example, in transfection of 
a cell ex vivo or in administering a viral particle directly to a subject. 

The present invention further provides a method of delivering a heterologous 
nucleotide sequence encoding B-domain deleted factor VHI to a cell. For in vitro 
30 methods, the virus can be administered to the cell by standard viral transduction 

methods, as are known in the art. Preferably, the virus particles are added to the cells 
at the appropriate multiplicity of infection according to standard transduction methods 
appropriate for the particular target cells. Titers of virus to administer can vary, 
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depending uppn the target cell type and the particular virus vector, and can be 
dptennined by those of skill in the art- without undue : experimentation. Alternatively, 
administration of a iAAV vector of the present invention can be accomplished by any 
other means known in the art. t , , 

The cell to be administered the inventive virus vector can be of any type, 
including but not limited to neural cells (including cells of the .peripheral and central 
nervous systems, in particular, brain cells), retinal cells, epithelial cells (e.g: 9 gut and 
respiratory), muscle cells, pancreatic cells (including islet cells), hepatic cells, 
myocardial cells, bone cells (e.g., bone marrow stem cells), hematopoietic stem cells, 
spleen cells, fibroblasts, endothelial cells, germ cells, and the like. Moreover, the 
, cells.can be from any species of origin^ as indicated above. { >v i \ 

; In particular, embodiments^ the invention, cells are remoyed from a subject, 
the rAAV vector is introduced therein, and the cells are then replaced/back into the 
subject. Methods pf removing c^lls from a subject for treatment ex vivo, followed by 
introduction back; into the subject are known in.;the art.. Alternatively, the rAAV- 
vector.is introduced into cells from another subject or from cultured cells ito express 
the.B-domain .deleted factor yill therein, and the^cells are administered to a subject in 
^f&pffe&wy^!^ therapy include/but are 

;not limited to, liver cells, neural .cells (including cells of the central and peripheral 
nervous systems, in particular, brain cells), pancreas.cells, spleen cells,- fibroblasts 
(e.^., skin fibroblasts), keratinocytes, endothelial .cells, ^epithelial cells- myoblasts, 
hematopoietic stem .cells, and .bQnejmOTOw, stromal ceUs. . .;*,V 

t A further aspect of the invention is ^ 
the inventive virus particles. Administration of the rAAV particles of the present 
invention to a human subject or an animal in need thereof can be by any means known 
"? th . e ?rt f°f? administering virus vectors. A "therapeutically effective", amount as 
used herein is an^mount of the rAAV/B-domainjdeleted factor. Vni vector that is 
sufficient to alleyiate (e.g., mitigate, decrease ; reduce) at least one of the symptoms 
associated jyith factpr VIII deficiency, (e.g., blood coagulation). It ; is not necessary 
that the ; aclmimstration of the B-domain deleted factor VIII eliminate the symptoms of 
Factor VHI deficiency, as long.as. the benefits outweigh the detriments of B-domain 
deleted factor VIII administration. 
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The normal range of factor VHI in human plasma is approximately 100 - 200 
ng/ml. Normal blood clotting is seen with plasma factor VIII levels that are as low as 
5% of normal. Therapeutic effects may be observed with as little as 1% of normal 
plasma factor VIII levels (Nilsson et al. (1992) J. Int. Med. 232:25-32; Lofgvist et al. 
5 (1997) J. Int. Med. 241:395-400; Petrini et al (1991) Am. J. Ped. Hem. <9/2c.l3:280- 
287; and Hematology-Principles and Practice, 3rd ed. (2000) Hoffman, R; ed., pages 
1 884-1 885). Administration of a rAAV/B-domain deleted factor VIII vector of the 
invention to a subject preferably results in plasma factor VIII levels that are at least 
about 1% of normal, more preferably at least about 5% of normal, still more 

10 preferably at least about 10% of normal, yet more preferably at least about 20% of 
normal, still yet more preferably at least about 25% of normal factor VIII levels. 

In particularly preferred embodiments of the invention, the nucleotide 
sequence of interest is delivered to the liver of the subject. Administration to the liver 
can be achieved by any method known in the art, including, but not limited to 

15 intravenous administration, intraportal administration, intrabiliary administration, 
intra-arterial administration, and direct injection into the liver parenchyma. 

Accordingly, a further aspect of the present invention is a method of treating a 
subject with factor VIII deficiency, including hemophilia A. As used herein, a factor 
Vm deficiency may be due to a defective protein or lack of protein. Preferably, the 

20 subject is a human subject. According to this method, the subject is administered n an 
amount of a rAAV/factor Vm vector sufficient to produce a biologically effective 
amount of factor VIII to one or more tissues. Preferably, the tissue is brain, pancreas, 
spleen, liver, reticulum endothelial system (RES), lymphoid, or muscle, or bone 
marrow/stromal cells, most preferably, the liver. 

25 In preferred embodiments, the rAAV vector is administered to the liver. 

Preferably, the cells {e.g., liver cells) are infected by the rAAV/B-domain deleted 
factor VIII vector, express the B-domain deleted factor VIII protein, and secrete the 
protein into the circulatory system in a therapeutically effective amount as defined 
above. It is not necessary that the symptoms of factor VIII deficiency be eliminated, 

30 as long as the benefits outweigh the detriments of administering the factor VIII. 

Exemplary modes of administration include oral, rectal, transmucosal, topical, 
transdermal, inhalation, parenteral {e.g., intravenous, subcutaneous, intradermal, 
intramuscular, and intraarticular) administration, and the like, as well as direct tissue 
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or organ injection, alternatively, intratrahecal, direct intramusculaV,' interventricular, 
intravenous; intraperitoneal, intranasal ; or intraocular injections. ' Injectab'les can be 
preparedinconventional forms, either as liquid solutions or suspensions, solid forms 
suitable for solution or suspension in liquid prior to injection, oras emulsions. 
5 Alternatively, one may administer the virus in a local rather than systemic manner, for 
example, in a,depot or sustained-release formulation. 
; . • ,Iri prefen^.embbdimehts;-tKe'-inVentive , rAAV vectors aW administered by 
intravenous administration, more preferably, by intravenous administration to the 
liver' (as described below).' ii. I .-..<.. ." r. U.-.,. . 

10 , :; . m . . Dosages will depend uponthemode of administration, the severity bf the 
disease or condition to be treated, the individual subject's condition, the p'articular 
virus vector, and the,geneto bedelivered, and the species of the subject, the size and 
: weight of the subject, and canbe determined in a routine manner. Exemplary doses 
for achieving therapeutically effective amounts in the<circulatory system are about 10 8 
15 , about 10?.,;about 10 10 , about .10 u , about M) 12 , about 10 1 ^; about i i6 M , about 10 15 
infectious, units; depending upon theJevel of transgene>producedj reactivity of the 
protein, etc. , . , •, • • •; : . :J - >;.-.■ - : ^r,r : ; . ..•.,••••:<:• 

The invention will now be illustrated with reference tOxertain examples which 
are included herein for the purposes of illustration only, and which are not intended to 
20 be limitmg of the invention./ - i '.'»/. '•:/!,< '•' i.- 
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• : '; ..••■/'/-. : J Example Vector Constructs r; • ■'<•■<■■ 
rAAV plasmids expressing human B-domain deleted factor VIH-or enhanced 
green fluorescent protein (EGFP) were constructed. Briefly, pmt2LA (Pittman et al. 
(.1993) Blood. 8 7:2925; gift from Dr. D. Pittman, Genetics Institute, Cambridge, MA) 
was amplified byPCR to generate a 4435 bp fragment encoding full sequence of B- 
. domain deletedrhuman factor VIII; The 4435-bp B-domain deleted -human factor Vni 
cDNA was inserted into a cassette cbntaining'either spacer : sequence "(pDEZ2) or 
Enhancer I (Enhl) of hepatitis B. virus .and,spacer sequence (pDLZ6) (Guo et al. 
(1991)7. Virology 65:662,6). The. sequence of pDLZ6 is presented in Figure 1 (SEQ 
ID NO:l) along with the amino acid sequence of the B-domain deleted human factor 
VIII protein (also shown in SEQ ID NO:2). The first 1 9 amino acid residues 
represent a signal peptide, which is cleaved off before the B-domain deleted human 
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factor VIII precursor is translocated into the endoplasmic reticulum. The B-domain 
deleted human factor Vm cDNA in pDLZ6 was replaced with EGFP cDNA from 
pTR-EGFP (R. Haberman, UNC Gene Therapy Center, Chapel Hill, NC) to construct 
pDLZ8. All constructs employ the Tk polyadenylation signal, and flanked using the 
5 AAV ITRs from pAAV/cFIX. 

The pDLZ6 construct comprises two ITRs, at about nucleotide (nt) positions 
1-146 and 4916-5084 of Figure 1 (and SEQ ID NO:l), a hepatitis B virus Enhl 
enhancer element at about nucleotide positions 150-278, spacer sequence at about 
nucleotide positions 279-399, B-domain deleted human factor VTII cDNA at about 
10 nucleotide positions 419-4835, and a Tk polyA sequence at about nucleotide positions 
4804-4914. 

Example 2: Cells and Culture 
293, HeLa, and HepG2 cells were cultured in Dulbecco's modified eagles 
media (DMEM, Gibco/BRL, Gaithersburg, MD) with 10% fetal bovine serum (FBS, 
15 Gibco/BRL, Gaithersburg, MD), with or without antibiotics (penicillin and 

streptomycin), at 37°C and 5% C02. FBS was heat-inactivated at 55°C for 30 
minutes. Under these conditions, factor VIII protein and activity could not be 
detected in FBS. 

20 Example 3: rAAV Production and Purification 

rAAV was generated using a three plasmid transfection scheme. Briefly, 
subconfluent 293 cells were co-trahsfected with the rAAV vector plasmid, AAV 
helper plasmid pXX2 (Xiao et al (1998) J. Virology 72:2224), and adenovirus helper 
plasmid pXX6 using calcium phosphate precipitation. Forty-eight hours post- 
25 transfection, the cells were harvested, lysed by 3-cycles of freeze-thawing, and 
sonicated to release the rAAV virion particles. Following ammonium-sulfate 
precipitation, the virus particles were purified and concentrated by cesium density 
gradient centrifiigation twice. Viral particles were titered by dot-blot; the 
rAAV/human factor VIII peak gradient fractions were pooled, dialyzed against 
30 phosphate buffer saline (PBS), and stored at -20°C. 
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Example 4: In vitro Expression of B-domain deleted human factor VIH 
2xl0 5 o£293 or HepG2xells. were plated in each well of 6-well plates. 
Twentyrfpur hours post-plating -cells were transduced with rAAV virus particles/cell 
: • (MQI=1 0),: with or- without adenovirus (MOI=l) for I hour: The cell media were 
. harvested for. analysis and replaced with fresh media every 24 hours post-infection. 

All. the media/serum used for assaying human factor VIII expression and function 
. were screened free of factor VIII: • - v . r ' : > ^ 

t . . , , 5 Example 5 : Protein Function and Inhibitor Assay for Human Factor ^VIII 
« ; i . c . X AA V^originated human factor VIE protein was detected 'by Enzyme-Linked 

i 1 ?^^^?^^ 1 * 'Assay (ELISA. -Briefly; monoclonal sheep anti-human factor VIII 
i :^ibpdy. (Affinity BioJogical,,^ic;, Canada) was used asicapture antibody, i 

Peroxidaserconjugated sheep, anti-human factor VIII. antibody (Affinity Biological, 
i ^.v^ 8 ? 1 ^?)^ 3 ? S? secondary antibody. .The factor VHI levels were calculated 
;.jucG^^g.to.1fac; standard curve derived from .serial .dilution of the pooled normal 

human plasma (UCRP, Fisher Scientific). The reproducible sensitivity of the ELISA 

for human factor VIII was detenrnnedto be 0.3,ng/ml. 

r„! i • A F^P^ was tested by 

v ^ cti yatpd pai£teU^ (AP^TT) and Goatest (Ghromgenix AB, 

Sweden)^ AFIT was perfonned, except using ^ factory ni-deficient plasma rather than 

manufactoer's inst^ctio^s. ^ serial dilution pf, pooled, nonnal ; humm plasma was 
used to generate the stm , , 

. . f : . , # .???®B^e8toiiiM^itor ^say,(BIA) was used to detect an^^ 
inhibitors in mouse serum (Xasper e/a/. (1975) Thrpmbosis et Diathesis : : 
W*™v™MP ca 34:6lT >; Briefly, .mouse plasma w^s incubated at 55 °C for 30 
™Qut?s to inactivate endogenous murine factor VHL The serial dilutions of the 
^^f d ^^H 86 :? 1 ^™^ ^^v} 11 ? 1 } mixed with. an , equal volume of pooled normal human 
plasma (UCRP, Fisher Scientific) and incu^atedcat37^C.for. 2 hours.; APTT was 
performed to determine the residual factor VIII activity in the UCRP incubated with 
* e . ^?^ vated mouse plasma. The anti -human factor VIII inhibitor titer was 
calculated from the residual factor Vm activity of each sample according to the 
established BIA standard curve. 
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Example 6: Animal Care and Manipulation Procedure 
The mice were maintained at the animal facilities at the University of North 
Carolina at Chapel Hill in accordance with the guidelines of the UNC Institutional 
Animal Care and Use Committee. Each animal was weighed and sedated using a 
mixture of ketamine (lOOmg/kg) and xylanine (5mg/kg) prior to virus administration. 
Under a dissecting microscope, a 1-cm vertical midline abdomen incision was made. 
2xl0 10 or 2xlO n particles of rAAV/DLZ6 or r AAV/DLZ8 in 200-400 jil of phosphate 
buffered saline (PBS) was injected to liver via portal vein using Harvard Apparatus 
pump 22 in 2-5 minutes. Blood was collected via the retro-orbital plexus and the 
plasma stored at -80°C. Tissues/organs were collected for histology and DNA/RNA 
analyses of three mice sacrificed at week 30 post-injection. Tissues collected 
included liver, spleen, kidney, testis, heart, brain, spinal cord, intestine, muscle, lymph 
nodes, and bone marrow. Tissues were either frozen at -80°C (for DNA and RNA 
isolation) or fixed in 10% neutral-buffered formalin overnight before processing. 

Example 7: DNA Isolation and Analysis 
High molecular weight genomic and low molecular weight DNA (Hirt) were 
isolated and used for Southern Blot and DNA PCR. 29.5 pg, 5.9pg, 1 . 1 8 pg, 0. 1 1 8 
pg, and 0.059 pg of plasmid pDLZ6 were added to 20 |ig genomic DNA from control 
mouse liver produced copy number standard, respectively equivalent to 5, 1, 0.2, 0.02 
and 0.01 copies of rAAV/DLZ6 vector genome per murine liver cell. The genomic 
DNA was digested with restriction enzyme SphI, which cuts the plasmid pDLZ6 
internal to each ITR, releasing a 4.6 kb DLZ6 genome, and then separated by agarose 
gel. The blot was hybridized with 32 P-labeled human factor VIII probes. 

A Sense primer (S'-AACCTTTACCCCGTTGCTCG-S') and antisense primer 
(5 '-GTCTTTTTGTACACGACTGAGG-3 ') were used to amplify a 450 bp 
rAAV/DLZ6 vector unique fragment. The PCR conditions were 95°C for 5 minutes 
followed by 30 cycles with 95°C for 2 minutes, 50°C for 1 minute, 72°C for 1 minute. 

Example 8: RNA Extraction, Northern Blot and Reverse Transcription (RT) PCR 
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. . Total cellular RNA extracted from cultured cells or frozen mouse tissues was 
used for Northern Blot or RT-PCR in a similar. : A sense primer (5 '- ' 
TTCTCCCCAATCCAGCTGG-3') and antisense primer (5'- ' ' . 
GAGTTATTTCCCGTTGATGG,3') were used to amplify a 534 bp unique human 
5 factor. VIII cDNA fragment. The PGR conditions were 95°C for 2 minutes, followed 
with 30 cycles using: 95°G for 1 minute, 55?C for 1 minute, 72°C for 1 minute. A 
pair of p-actin primers'was used as' an internal Control of RT/PCR for each sample 
-described. .>'.!' '■}■••:>.•. : ; . ' 

' . - ,- . \;; . ;. 

10 Example 9: Histological Analysis 

. . j • :Formalinyfixed tissues were alcohol dehydrated and paraffin embedded. 
. :, .Tissues weresectioned at;6. pm each,: deparaffmized in xylene; rehydfated through 
graded ethanol, and either, stained with hematoxylin and eb'sm(H & E). ' ' 

15 ., Example 10: Packaging of rAAVB-domaindeleted human factor Vm 

Two rAAV vectors >expressingB-domain deleted human factor VHI>-pDLZ2 
and pDLZ6 (Figure 2), were constructed to test the utility of the Hepatitis B virus 
EnW enhancer element. Over 10 ,2 rAAV/DLZ6 of rAAV/D"l-Z2 particles per milliliter 
■ : •■ • were produced using triple plasmid transection and r cesium 'chloride density gradient 
20 centrifugation.' To confirm the replica'tibh of rAAV 'virions, low molecular weight 
viral-DNA was isolated 'following transduction of HeLa brHepG2 cells with rAAV 
WOteW) and adenovirus type 5 (MOI=l). As shown in Figure 3, 'the expected 
. monomer and dimer. replication forms: of rAAV/DLZ6 and rAAV/DLZ2 were 
detected using a probe specific for the'transgene. Isolation of rAAV/DLZ6 virion 
25 DNA confirmed that the expected monomer size was packaged (Figure 3). ' Following 
transduction, rAAV/DLZ6 containing, the Enhl sequence produced a 30-fold increase 
inmRNA transcript in HeLa and HepG2 as compared.to rAAV lacking the enhancer 
element (data not shown). ., . : ; . : ,, , r . : u ./ 

....... h Based.on these results, we performed factor \Offftactioriai.assays-using 

30 vector derived from pDLZ6. : human factor VIII protein expression was performed by 
ELISA measurement of factor VIII protein from cell media harvested at 24 hours 
following transaction and transduction. Assessment of functional human factor VIII 

was performed using APTT and Coatest assays (see Table 1). Thus despite its greater 
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than wild-type size, recombinant virus was efficiently packaged and produced 
functional B-domain deleted huinan factor VIIL Based on these results, rAAV/DLZ6 
was used for in vivo analysis. 

Table 1 

5 In vitro Expression of B-domain deleted human factor VIII from AAV Vectors 





Antigen Assay 


. Functional 


Assay 




ELISA 


APTT 


Coatest 


Transfection 


5.6 ng/ml 


25% 


28 mu/ml 


Transduction 


15 ng/ml 


40% 


72 mu/ml 



**lxl0 6 293 cells were transduced with rAAV/DLZ6 or rAAV/DLZ8 (EGFP) at 
MOI=10. Media were harvested at 24 hours for human factor VIII assay. The media 
overlay 293/EGFP was used as control. UCRP served as the standard, which is 
10 equivalent to 200 ng/ml human factor VIII antigen and 1000 mu/ml Coatest activity. 
APTT refers to the percent of normal factor Vm activity. Results are expressed as the 
mean of three experiments, each performed in triplicate. 

Example 1 1 : Long-term Expression of human factor VIII in Mice 
1 5 rAAV/DLZ6 was injected into the portal vein of 4-week-old male mice or 6- 

week-old NOD/scid mice. Blood samples were collected via the retro-orbit plexus 
biweekly. B-domain deleted human factor VIII protein was not detected in the 
plasma of 2 mice receiving 2x1 0 10 rAAV/DLZ6 until 4 weeks post-injection of the 
AAV (data not shown). Once detected, the human factor VIII levels remained at 2- 
20 3% of normal human levels factor VIII level (200 ng/ml) for over 1 1 months. In 
contrast, a mean of 42 ng/ml of B-domain deleted human factor VHI or 21% of 
normal human factor VIII level was detected in the plasma of 4 mice receiving 2x1 0 n 
rAAV/DLZ6 at 1 week post-injection (Figure 4, Panel A). High titer anti-human 
factor VIII inhibitor was detected in the plasma of all of the mice receiving 
25 rAAV/DLZ6 as early as 1 week post-injection (see Figure 4, Panel A). The anti- 
human factor VHI inhibitor titer increased to a maximum titer at 9 to 12 weeks post- 
injection (Figure 4, Panel A). The appearance of inhibitor coincided with the 
decrease in B-domain deleted human factor VIH plasma protein. As expected, neither 
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B-domain deleted; human factor 'VIII nor anti-human factor Vin inhibitor were 
: detected: in the plasma of control mice • receiving' rAAV expressing the EGFP 
transgene (data not shown). ; - >.'/' ...uv. .•». f.-. .!c> r <ii.-.' 1 • > 

ip In order to. adequately assess the expression of B-domain' deleted human factor 



•■ > ;. )! 



VHI protein, immuno-incompetent NOD/scid mice received 1.5 xl6 n virus via portal 
> vein.injection: Plasma levels of B-domairi deleted human factor VIII determined by 
ELISA reached 35 ng/ml (17% of normal level) bh day 1 0 pbst-'injectioh and 
■y. increased to 5 5 . ng/ml (27% of normal: level) (Figure 4,4>anel B)/'As expected, B- 
} domain deleted human factor VIB was not detected in the plasma of mock infected 
10 scid mice (data not shown). <Vr> ■-.•■■■\<.> . 
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.,./; ;•; ,Example.l2: rAAV Vector Spread and Histoiogic Analysis 

; :HThe mice receiving-rAAV: vector were sacrificed at -30 weeks post-injection. 
Peripheral blood,, liver, spleen,- lymph nodes, kidney, inte'stine,<testis, skin, muscle, 

: heart, 'lungs, aorta, ; bone marrow, brain and spinal cOrd were analyzed to' determine 
sector spread fbllowing systemic administratibn. 1 DNA PGR utilizing primer pairs 
specific for the vector DLZ6 amplified a^450-bp product,' Vector g'enome was 

;i detectedidhly from liver, samples! 30 weeks after portal vein injection (Figure 5, Panel 

I A).rrRT-PGRemployed a pair-of primers which amplify a'534 ; bp : fragment i 6f B- 
domain deleted human: factor VHI cDNA. Ohly RNA-isolated from the liver 
generated the appropriate PGR product, confirming the<DNA PCR result 1 (Figure 5, 
Panel B). -Amplification of a 250 bp P-actin fragment was utilized as internal control 
for RT/PGR;showed intact and equal amount of RNA were- used for each sample in 
RT-PCR (data not shown). By using both DNA-PCR and Southern blot analysis, an 

: estimated, 0.05: copies of rAAV/DLZ6 genome per cell werepreseht at 30 weeks post- 
transduction in animals given 2x10" rAAV particles (Figure 5, Panels A & C). This 
■result is in agreement with previous reports ((Snyder et dl \\ 999) Nature Medicine 
5:64;><Xia6 eial. (1998) J. Virotigy 72:10222);' No significant pamblogy was 
observed in the liver, spleen, GI tract, gonads', braini'neart,' and lungs (da&iibt 
shown). 
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Example 13: rAAV Molecular Analysis in Liver Cells 
At the time of sacrifice, 30 weeks, low molecular weight DNA (Hirt DNA) 
and high molecular weight genomic DNA were isolated from several organs of the 
mice receiving rAAV/DLZ6. Using the restriction enzyme Sph I, which cuts internal 
5 to each ITR, and Southern blotting unrearranged rAAV/DLZ6 genome were detected 
only in the high molecular weight fraction (Figure 5, Panel C). Approximately 0.05 
vector genome copies/cell were detected in the high molecular weight DNA fraction. 
DNA PCR confirmed that the rAAV/DLZ6 vector genome signal could not be 
detected in the Hirt DNA fraction (data not shown). The sensitivity of the PCR assay 
10 is 0.001 copies/cell. 

Example 14: Phenotypic Correction in factor VIII Knock-Out Mice 
rAAV/DLZ6 is administered to mice in which the gene encoding factor VIII 
has been "knocked out" by homologous recombination, thereby producing a 
15 phenotype corresponding to hemophilia A. Mice are administered either 2 x 1 0 10 or 2 
x 10 n particles of rAAV/DLZ6 or a control vector via portal vein injection as 
described in the previous Examples. 

Hepatic expression of B-domain deleted human factor VIII is determined as 
described in the previous Examples. In addition, plasma levels of B-domain deleted 
20 human factor VIII and factor VIII inhibitors are monitored over time, also as 

described above. Functional assays of factor VIII activity (e.g., Coatest) are also 
carried out to determine functional B-domain deleted human factor VHI protein 
expression in plasma. The rAAV/DLZ6- treated mice are monitored over time for 
phenotypic changes due to expression of the B-domain deleted human factor VIII, Le. 9 
25 amelioration or correction of phenotypic traits associated with hemophilia (for 
example, improved clotting time). 

In this manner, long-term hepatic expression of B-domain deleted human 
factor VIH using a rAAV vector (Example 1 1) is correlated with phenotypic 
improvement in hemophiliac animals. 
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Example 15: Phenotypic Correction in Hemophiliac Dogs 
Hemophiliac dogs are administered a rAAV vector carrying a B-domain 
deleted canine factor Vm (canine factor VIII). The B-domain deleted canine factor 
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VIII expression cassette is essentially as described in Example 1 for the human factor 
Vin-expression cassette and includes flanking AAV ITRs; EnnI enhancer, noncoding 
sequence, andTk poly(A) sequence. Plashiia pDLZIO encodes the canine factor VIII 
expression cassette; The nucleotide sequence of pDLZlO d's shown in Figure 7 along 
5 with the amino acid sequence of the B-domain deleted canine factor VIII encoded 
thereby: This construct comprises two ITRs, at about nucleotide (nt) positions 1-144 
: and 4885-5048 of Figure 1 (SEQID NO.l), a'hepatihis B virus Enhl enhancer 

element at about nt positions 149-278, spacer sequence ai about nt positions 279-399, 
BBD canine factor VIE cDNA at about nt pbsitions 42814790, arid a polyA sequence 
1 0 at about nt positions 4804-4884. Dogs are infused with 1 0 13 or 10 14 particles of 
. rAAV/canine factor VM or a control vector by portal veinV Inlhe 1 same or a separate 
study, the same titer of rAAV vector is administered by direct hepatic vessel injection. 

Hepatic expression of B-dbmain deleted canine kc'tbr'VHI is determined as 
described in the previous Examples. In 'addition, piasnia levels of B-domain deleted 
1 5 canine, factor VHI and factor VEtt inhibitors are monitored over time, also as 

described above. Functional assays of factor VIE activity (e.g. ', Coatest) are also 
carried out to determine fuhctibhal B-domairi deleted canine 'factor VHI 'protein 
expression in-plasmai" ITierAAV/B^dmain deleteacanine^cfer- Vm leafed dogs are 
monitored over time for phehotypic changes due taexpressioirof the B-domain 
20 deleted canine factor VIE, n.e., amelioration or cdrrettibn of phenotypic traits 
associated with hemopmlia (for example, improved clotting time). 1 ;: 

In this manner, delivery of B-domain deleted canine-factor Vm to the liver of 
hemophiliac dogs using a rAAV vector is evaluated for the treatment of hemophilia 
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Example 16: Generation of a stable producer cell line for rAAV/B-domain 

deletedfactor VIII 

Generally, rAAV producer cell lines are generated by transfection of cells with vector 
plasmid, followed by selection with antibiotics (typically G418, hygromycin, or 
histidinol) and cloning of individual colonies. Colonies are first screened for vector 
replication. Clones showing high level replication of vector following adenovirus 
infection are then tested for production of infectious vector. 
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Plasmid B-domain deletedfactor VIII (30 jig) was transfected into the Hela C12 
packaging cell line by electroporation (Potter et al., 1984, Proc. Natl. Acad. Sci. USA 
79:7161-7165). The C12 cell line contains the AAV2 rep and cap genes that are 
transcriptionally quiescent until induction upon infection with adenovirus helper 
5 (Clark et al., 1995; Clark et al., 1996, Gene Therapy 3:1124-1132). Twenty four 
hours post-transfection, the cells were trypsinized and replated in 100 mm plates at 
densities ranging from 5x103 to 5x104 cells per plate. The cells were subjected to 
selection in DMEM containing 10% fetal bovine serum and 300 jxg/ml hygromycin B. 
Drug-resistant cell clones were isolated, expanded and their ability to produce 

10 infectious AAV factor VIII vectors was tested and compared in an infectivity assay as 
described in Atkinson et al., 1998, Nucleic Acid Res. 26:2821-2823. One such 
producer cell clone (C12-55) was further used for production of vector. Production, 
purification and titration were carried out essentially as described herein and as 
generally described in Atkinson et al. (WO 99/1 1 764). 

1 5 All publications and patent applications mentioned in the specification are 

indicative of the level of those skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated by reference to the same 
extent as if each individual publication or patent application was specifically and 
individually indicated to be incorporated by reference. 

20 Although the foregoing invention has been described in some detail by way of 

illustration and example for purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced within the scope of the 
appended claims. 
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THAT WHICH IS CLAIMED IS: 

1 . A recombinant adeno-associated virus (rAAV) vector comprising a 
heterologous nucleotide sequence encoding B-domain deleted factor VIII operably 

5 linked with at least one enhancer and at least one promoter. 

2. The rAAV vector of claim 1 / wherein said rAAV vector further 
comprises spacer DN A. 



10 



3. The rAAV vector of claim 1, wherein said rAAV is selected from the 
group consisting of AAV serotype 1, serotype 2, serotype 3, serotype 4, and serotype 



4. The rAAV vector of claim 1 , wherein said B-domain deleted factor 
1 5 VIII is a human B-domain deleted factor VIII. , 

5 - - rAAV vector of claim 4, wherein said heterologous nucleotide 
sequence encodes a B-domain deleted factor VIII having the amino acid sequence set 
forth in SEQ ID NO:2. 

20. ...... s ...... ....... , . . . ,, 

6. , The rAAV vector of claim 4, wherein said heterologous nucleotide 
sequence comprises the sequence given as about nucleotides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO: 1. . ; ! . 

25 7 - The rAAV vector of claim 1 , wherein said promoter is an AAV ITR. 

. 8. A pharmaceutical formulation comprising the rAAV vector of claim 1 
in a pharmaceutically acceptable carrier. 

30 . 9 - A recombinant adeno-assqciated , virus (rAAV) vector comprising a 

heterologous nucleotide sequence encoding factor V.III operably, linked with a liver- 
preferred expression control element. 
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10. The rAAV vector of claim 9, wherein said heterologous nucleotide 
sequence comprises the sequence given as about nucleotides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO:l. 



5 11. The rAAV vector of claim 9, wherein said liver-preferred expression 

control element comprises at least one enhancer selected from the group consisting of 
the otl microglobulin/bikunin enhancer, the hepatitis B virus Enhl enhancer, the 
hepatitis B virus Enhll enhancer, the human albumin E1.7 enhancer, and the human 
albumin E6 enhancer. 

10 

12. The rAAV vector of claim 9, wherein said liver-preferred expression 
control element comprises the hepatitis B virus Enhl enhancer given as about 
nucleotides 41 9 to 4835 of the nucleotide sequence set forth in SEQ ID NO:l . 

15 13. The rAAV vector of claim 9, wherein said liver-preferred expression 

control element comprises at least one promoter selected from the group consisting of 
the hepatitis B virus core promoter, the mouse albumin promoter, the human Ul 
snRNA promoter, and the herpes simplex virus thymidine kinase promoter. 

20 14. The rAAV vector of claim 9, wherein said liver-preferred expression 

control element comprises at least one transcription factor binding site selected from 
the group consisting of a TATA box, a CAAT box, a GC box, an ATF box, a C/EBP 
binding site, an HNF1 binding site, an HNF2 binding site, an HNF3 binding site, an 
HNF4 binding site, and a TGT3 binding site. 

25 

15. The rAAV vector of claim 9, wherein said heterologous nucleotide 
sequence further comprises sequences encoding a promoter and a polyadenylation 
sequence. 

30 16. The rAAV vector of claim 9, wherein said heterologous nucleotide 

sequence comprises the sequence given as about nucleotides 150 to 4914 of the 
nucleotide sequence set forth in SEQ ID NO: 1 . 
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. ,17. . The rA£V vector p^claim 9, whereiasaid heterologous nucleotide 
sequence encodes, the .amino acidise^uence set forth JnSEQ IDNO:2. ... 

18. A recombinant .adenoTassociated virus (rAAV) vector comprising a 
5 heterologous nucleotide sequence encoding a B-domain deleted factor VIII operably 
linked with an enhancer, wherein saidnucleotide sequencers selected from the group 
consisting of: 

, (a) , . the nucleotide sequence given as nucleptides 419 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO:l, 

10 .... tCV (^) 

. deleted- factor yill, and , Ti . r . 
. ( c ) a nucleotide sequence that that.differs from the nucleotide sequences of 
(a) and (b) above due to the degeneracy of the genetic co,de, and which 
1 5 encodes a B-domain deleted factor VIII. 

r . It ir : . The rAAV vector of claim J r 8, wherein said rAAV further comprises 
spacer DN A. , . . 4 , 

20 20. A composition comprising a population ,of at least about 1 0 12 

recombinant adeno-asspciated virus (rAAV) vector. particles comprising a. ? 

heterologous nucleotide sequence encoding B-domain deleted factor VIII 

• ; . • « ' ..; .•«"/;'.;.■{; ft O' { ! «*".' • ' *«..*• » ■ : i M .;jf;:i" -i-: n , . . . .' 

21 . A method of delivering a nucleotide sequence encoding B domain- 
25 deleted factor VIII to a cell comprising contacting the .cell with a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII operably linked with a liver-preferred 
expression control element. 

30 22. The method of claim 21 , wherein the contacting is carried out in vitro. 

23. The method of claim 21 , wherein the contacting is carried out in vivo. 
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24. The method of claim 21 , wherein the cell is selected from the group 
consisting of neural cells, liver cells, muscle cells, retinal cells, epithelial cells, 
fibroblast cells, germ cells, bone marrow cells, hematopoietic stem cells, spleen cells, 
pancreas cells, and cells of the central nervous system. 

5 

25. The method of claim 24 wherein the cell is a liver cell. 

26. The method of claim 21 , wherein the cell is a human cell. 

1 0 27. The method of claim 21, wherein said liver-preferred expression 

control element comprises at least one enhancer selected from the group consisting of 
the al microglobulin/bikunin enhancer, the hepatitis B virus Enhl enhancer, the 
hepatitis B virus Enhll enhancer, the human albumin E1.7 enhancer, and the human 
albumin E6 enhancer. 

15 

28. The method of claim 21, wherein said liver-preferred expression 
control element comprises the hepatitis B virus Enhl enhancer given as about 
nucleotides 419 to 4835 of the nucleotide sequence set forth in SEQ ID NO: 1. 

20 29. The method of claim 21, wherein said liver-preferred expression 

control element comprises at least one promoter selected from the group consisting of 
the hepatitis B virus core promoter, the mouse albumin promoter, the human Ul 
snRNA promoter, the heipes simplex virus thymidine kinase promoter. 

25 30. The method of claim 21, wherein said liver-preferred expression 

control element comprises at least one transcription factor binding site selected from 
the group consisting of a TATA box, a CAAT box, a GC box, an ATF box, a C/EBP 
binding site, an HNF1 binding site, an HNF2 binding site, an HNF3 binding site, an 
HNF4 binding site, and a TGT3 binding site. 

30 

3 1 . The method of claim 2 1 , wherein said tAA V vector additionally 
comprises at least one AAV ITR operably linked to said nucleotide sequence 
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encoding B-domain deleted factor VIII such that said AAV ITR drives expression of 
said nucleotide sequence encoding B-domain deleted factor VIII. . 

32. , The method of claim 21 , wherein the B-domain deleted factor VIII is a 
5 human B-domain factor VIII. . 

33. The method of 4 claim.32 3 wherein said heterologous nucleotide 
sequence encodes a B-domain deleted factor VIII having the amino acid sequence set 
forth in SEQ ID NO:2. 
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34. The method of claim 33, wherein said heterologous nucleotide 
>, sequence comprises the sequence given as about nucleotides 4 1 9 to 4835 of the 
nucleotide sequence set forth in SEQ ID NO:l. 

15 35. A method of delivering a nucleotide sequence encoding a B-domain 

deleted.factor ; VIII to a cell; comprising contacting the cell with a recombinant adeno- 
associated virus (rAAV) vector comprising a, heterologous nucleotide sequence 
encoding a B-domain deleted factor yill .selected from the group consisting of: 

(a) the nucleotide sequence given- as nucleotides . 41 9„to,4835 of 
20 the nucleotide sequence set forth in SEQ ID NO: 1 , 

, . • (b) a nucleotide sequence that hybridizes to the nucleotide 

sequence of (a) under conditions of high stringency and which 
encodes a B-domain deleted factor VIII, and 
. (c) a nucleotide sequence that that differs from the nucleotide 
25 sequences of (a) and (b) above due to the, degeneracy of the 

genetic code, .and which encodes a B-tdomain deleted .factor 

VIII. , ; , ; - 

36. ,A method of delivering a nucleotide sequence encoding B-domain 
30 deleted factor VIII; to a cell comprising contacting the cell with a composition 
comprising a population of recombinant adeno-associated virus (AAV) vectors 
comprising a heterologous nucleotide sequence encoding B-domain-deleted factor 
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VIII, and further wherein said composition has a titer of at least about 1 0 8 infectious 
units per milliliter. 



37. A method of enhancing blood coagulation in a subject in need thereof 
5 comprising administering a recombinant adeno-associated virus (rAAV) vector 

comprising a heterologous nucleotide sequence encoding B-domain deleted factor 
VIII to the subject in an amount sufficient to enhance blood coagulation. 

38. The method of claim 37, wherein at least about 2 x 10 10 particles of the 
1 0 rAAV vector are administered to the subject. 

39. The method of claim 37, wherein the subject is a mammalian subject. 

40. The method of claim 39, wherein the subject is a human subject. 

15 

41 . The method of claim 40* wherein the rAAV vector is administered by a 
route selected from the group consisting of oral, rectal, transmucosal, transdermal, 
inhalation, intravenous, subcutaneous, intradermal, intracranial, intramuscular, and 
intraarticular administration. 

20 

42. The method of claim 41, wherein the rAAV is administered to the liver 
of the subject. 

43. The method of claim 44, wherein the rAAV is administered to the liver 
25 by a route selected from the group consisting of intravenous administration, 

intraportal administration, intrabiliary administration, intra-arterial administration, 
and direct injection into the liver parenchyma. 

44. The method of claim 37, wherein the rAAV further comprises a liver- 
30 preferred expression control element operably linked with the heterologous nucleotide 

sequence encoding factor VIII. 
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45 . The method of claim 44, wherein said liver-preferred expression 

" control element comprises r at least brie ' enhanced selected from the group consisting of 
the al microglobulin>Oiiikuhin enhancer, the hepatitis B virus Enhl enhancer, the 
hepatitis B virus Enhll enhancer, the human aibuiriiri E; j enhancer,' and'the human 
5 albumin E6 enhancer. '"' * • " ' - 

• ■ ■ • • ■ ■ , . *.,.,' 

46. The method of claim 45, wherein the liver-preferred expression control 
' element is a hepatitis B virus enharicfer element Enhl or a hepatitis B virus enhancer 

: element Enhil? " r: ■ -' . . •/ r • , .: . , . , 
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47. The method of claim 37, wherein the B-domain deleted factor VIII is a 



human 1 B-domkin'ddeted factor VIII . - — • v * 1 u 



48. The'meth6dofclaim47,^^ 
1 5 encodes a B-domain deleted factor VlII Having the sequence given in SEQ ID NO:2. 



49. The method of claim 48; wherein the heterologous nucleotide sequence 
encodes the amino alcid isequdnce set^orth iii SEQ IE) NO:2.' 



20 50 - A method of treating hemophilia A comprising administering to a 

hemophiliac subject a biologically effective amount of a recombinant adeno- 



associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII, wherein said B-ddmain deleted 1 factor VIII is 
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expressed at therapeutically effective amounts. f 

51. A method of treating hemophilia comprising administering to the liver 
of a hemophiliac subject, a biologically effective amount of a recombinant adeno- 
associated virus (rAAV) vector comprising a heterologous nucleotide sequence 
encoding B-domain deleted factor VIII. r " : : ' • > 

52. The method of claim 51 , wherein the'liver expresses the encoded B- 
domain deleted factor VIII, which is secreted into the blood in a therapeutically 
effective amount. 
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53 . A method of administering B-domain deleted factor VIII to a subject 
comprising administering a cell expressing B-domain deleted factor VIII to the 
subject, wherein the cell has been produced by a method comprising contacting the 

5 cell with a recombinant adeno-associated virus (rAAV) vector comprising a 
nucleotide sequence encoding B-domain deleted factor VIII. 

54. The method of claim 53, wherein the cell is selected from the group 
consisting of hematopoietic stem cells, liver cells, fibroblasts, epithelial cells, spleen 

1 0 cells, pancreatic cells, keratinocytes, endothelial cells, myoblasts, and neural cells. 

55. A method of producing a high-titer stock of a recombinant adeho- 
associated virus (rAAV) vector comprising } 

(a) infecting a packaging cell with a rAAV vector comprising a 
1 5 heterologous nucleotide sequence encoding factor VIII, 

(b) allowing the rAAV genome to replicate and be encapsidated by 
the packaging cell, and 

(c) collecting the rAAV particles to form 'a rAAV stock; 
wherein the titer of the rAAV stock is at least about 1 0 6 ■ % 

20 infectious units per milliliter. * \ / 

56. The method of claim 55, wherein the heterologous nucleotide sequence 
encoding factor VIII is operably linked with a liver-preferred expression control * 
element. 
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57. A virus stock produced by the method of claim 55. 

58. A nucleotide sequence encoding B-domain deleted factor VIII 
operably linked with a hepatitis virus expression control element. 

59. The nucleotide sequence of claim 58, wherein said hepatitis virus 
expression control element is from a hepatitis B virus. 
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60. The nucleotide sequence; of cjaim 59, wherein said hepatitis virus 
expression control element is a hepatitis B virus Enhl or Enhll enhancer. 

61. The nucleotide ^ 

5 expression control element is a hepatitis B virus Enhl enhancer. 

62. The nucleotide sequence of claim 58, wherein said nucleotide sequence 
compnses the sequence given as about nucleotides 150 to 4835 of the nucleotide 
sequence set forth in SEQ ID NO: 1. r\; v v/V l " \ 0" 

10 

63. - The nucleotide sequence of claim 62; wherein said nucleotide sequence 
further comprises,a.prpmoter t and a piolyadenyjatipn sequence; , : v - - • T . . 

64. ■ 1 The" nucleotide sequence of claim 63, 'wherein said nucleotide sequence 

15 



set forth in SEQ ID NO:l. 



65. *< 

a ?->..:i;.iK r r An;^-:;^.vj^:» /r/x\^r^i' '. 

20 66: » The vector pf claim' 65, wherein said vector is the plasmid disclosed^ * -V.. 

herein as pDLZ6. r - ' - O-.'^V^-v , Z-L-:' ^:v/}:j ;vc x c." .iry^v .^^L;:^; 
.- j *. /'rv?.j l -V/'«i. *-T-/-.«""U-'kV.: 1.. / r ^-v.\ v ^.;:'/..Y- ; . • ; .' 

67. . . A cell containing ,the vector of clainv65. ; /y TV7i;VV'' 
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FIGURE 1 

10 20 30 40 ~~50 

1234567890 1234567890 1234567890 1234567890 1234567890 

1QG3CACTOC CICICIQ33C GCKJ30I033 TCACIGAG3C CG3333AOCA 50 

AAGGIOQCDC GAO300333G CTTIDCXXOS GQ333CTCAG TCftGOGBQCG 100 

AGOaOGCAGA GAG93SGIG3 CCAACIOCAT CACIAG33Grr TOCTCAGATC 150 

TCTTICIAAG TAAACAGEAC ATCAAOCTIT AOD033TIGC 1O0QCAAQ33 200 

CC^GGflCIGr G32AAGIGIT TOCIGACX3CA AQCXXXACTG GCB3333CTT 250 

G3CX3aEG3C C3flX3O30C^ 300 



AGCAAAAAGC CICICCftOCX: A333CIQGAA OGITICCaOC CAATOIOSAG 350 

OJGIGIQGIT TIQCAAGAQS AAGCAAAAAG CCICIXX^OG CAGQCCIQGA 400 

CI05AGAQCT TOGACCAQCA TCCAAAIAGA QCTICTXXAOC TO CTTCTITC 450 

M etGlnlleGl uLeuSerTlir CysPhePheL 
TCflGOCTTIT QOSftTICTSC OTTEGlGCi^ OCAGAAGAIA CTA0CIQ3GT 500 
euCysLeuLe uArgPheCys PheSerAlaT hrArgArgTy rTyrLeuSly 
QCKGIQGAAC TCICKD3G3A CIAISIIQCAA AGOXSATCIGG GttGAGCHQOC 550 
AlaValGluL. euSerTrpAs plyiMstGln SerAspiLeuG lyGluLeuPr 
IGIQ3ACGCA ASm'llX'lC CD^aGIGOC AAAATCTTIT' OC3mCA?^ 600 
oValAspAla ArgEheProP roArgValPr oLysSerPhe ProFheAsrtT 
CCICAGICGT GIACAAAAAG ACTULUITIG TAGAAITCAC GGTTCftOCIT 650 
hrSerValVa liyrlysLys TlitiLeuEheV alGluPhefllT. xValHisLeu 
TTCAACATO3 CTAAGCCAAG 0030X103 ATO33TCIGC TAG3IGCTAC 700 
IfreAsnlleA laLysEraAr gRroProTrp MstGlyLeuL euGlyPrc/ISi 
CADTCCAG3CT GflGJlTimG AD30K3IQ3T CMTEftCSCIT AAGAACAIQG 750 
rllfGlnAla GluValTyrA spTrhrValVa ITIeilfarLeu LysAsriMetA 
CTICD2ATCC IGICfiGICIT CATOCT3ITC GfIGTAiLQJJ!A CTOGAAAGCT 800 
laSerHisPr oValSerLeu HisAlaValG lyValSerTy rTrpLysAla 
TC3GAG33AG CIGAATATCA TCATCAGAOC AGTCAAAQ3G AGAAAGAAGA 850 
SerGluGlyA laGliflyzAs pAspGimhr SerGlnArgG luLysGluAs 
1GATAAAGIC 1TO3CIOGIG GAAG3CATAC ATA3GTCIG3 CAQGW3CTGA 900 
pAspLysVal FhePcoGlyG lySerHislh rTyrValTtp GlnValLeuL 
AAGAGAAIG3 TOCAA1O30C TCIGACOCAC TCflQCCTTAC CEACTCATAT 950 
ysGluAsnGl yPrcMstAla SerAspProL euCysLeuIti rOyrSerTyr 
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FIGURE 1 (cbnt), 



10 20 - 30 40 ' 50 

1234567890 1234567890 1234567890: ! 1234567890^ 1234567890 ■ 
CTl l CI C aJG TO3AOCOT3T AA&i3ACITC ^ttctcgce tcmtogsgc 1000 
7 i.ggrrHi 5=tV alT^TiedVa Olysaspliai itehSgrtgb^T QiIleiSlyAI 
OTJO^AGIA TCEAGAGAAG'G^ CAAG3AAAAG ACACZ£iAOCT 1050 

aLeuLeuVal C^sAr^<31uG li^^Lei^^ai^sGQ.\iiys Birtaiilhrlj 
TOQ^CAAMT T3E24CTACIT TriGi3GI&r- r TIGaP3A833 GAAAAGTIQ3; 1100 * 
euHisLysEh el3MeuLeu EheAlaValP heAspGluGl i^j^sSerTcp 
CACICAGAAA O^AAGkACIC CTIGATOCaG GATAQ33ATC CIGGMC1GC '. 1150 
HisSerGluT hrlysRsnSe- tT *=a fl^feGlii iAsp&rgAspA laAlaSerAl 
•JO3930EDGG OCSEAA^AOX^B^^ TQurimwin AAOOSOXIin . . 1200 % 

aArgAlalrp EroEysMstH isdhrValfe riGlyryifyal ; AsnArgSerT, v 
TOCCEGSIGr G£TIQ3K^^ 1 1250;. 

ejProGlyLe uIlei^S^^^HisftirfLysS erV^iyzTr pHi'sValUe > 
qsaatgiqssa. cx&Srcxn^ i^nnxxnns aaqgtcagac s 1300 

GlyMetiSlyT hrTlirEcoiSL- AlValHn'siS^-rLeEheL^ l\X3lyHisIli . v?:v.. ■-. 
^TlCTiGIG AGS^AOCMG '<TE&^^ CTTQGAAATC TOaCCAATAA • v 1350 . V 
rFbeLeuVal Ai^jkiHisA^ rgGQriAlaSe i^eudxanaei SerEcoIleT ; i-if-,.. 
CTl ' lULTiiA C TCICICAAACA 1 l^TClStajX33 -AQCTIQGRCA (jlTltJi!ftCIG 14001 
hrFheLeajUi rAlaGlirflfair LeuLebMstA spIjeGGlyGr riElieijeuIjeu. 
TmGI GfflA TCD^nTCJC^ 1450 •'•,";> 

IfreCysHisI leSterSerM- sGlri^ •:.:'•< 
2G1EGAGAQC: TXJD3CA(3^i.AA^ > 1500' 

sValAspSer C^slboGluG luEdxjGOxilje \3Ar^fetIjySi AsnAsnGlijG :<\ •■: r.u 

AM9CQG&AGS\ C'iMGATCAT- C^CTiiftCIG Ai'JLUilaAART. GG?OG1Q3IC v, 1550 

luAlaGluAs p05,>rAsp?^ -.Aspi^^ . ' 

^aSTTBSklG /mSACAACTC ~TOLllU^llT iOOCAAAITC GCTXEGTTQC 1600 "" 
ArgEheAgpA sgp&sp&snSer^ IleGQnlleA rgSerValAl 

GA2V3Sy%GC^ CC^^ 1650 
aLysLysHis I^DysThrT a^VaTHiffly rlleAlaAla GluGQ-uGluA ' 
ACTOGGACTA TOSiOOCTm GOXDClOQCEC COGaiG&3iG ;AAGTI2£EAAA 1700 T . ' : 
j^EcpAspOy ifllaEi^dLj^' - VaTT ieuAlaP TOAspAspAr gSerTyzljys 

j^fiCAAaaTr ax3^ACA^irQ(3 • Gd^ 1750 r : 

SerGlrfTyzIi euAaiAsi^l ^ . : i. 

SGI033ATIT A3X3QCATAGA"G^^ 1800 n 
sValArgPhe MetAlalyi^ to • r.:.: V 

TICAGCKIGA MCAG3AATC TTQ3G&OGTT TAC'1TJL!AT93 GGAAGITO3A .. 1850V 
leGlnHisGl ojSerGiyile LeuGlyEro^ 

QOOCIGi 1 TCATEATATT TAAGAAlGAA GCAAGCAGAC. CATATAACAT < '•. 1900 
TVspTiirT i" iT r a ill eiysAsnG] n AlaSerArgP' rrYryr-AcariTi 
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CTAOC3CICAC QGAA3K3*CIG TTIGIAITCA AGGEGAIiaC 1950 

^iyrPrcHijs GlylleflhrA ^ValArgPr oLeuTyrSer ArgAi^LeuP 
CAAAAQSIGfr AAAACA3TIG AaGSAriTiL: CAATICIGOC AOGSGAAAIA 2000 
roLysGlyVa lLysHisLeu LysAspEheP roIleLajEr oGlyduIle 
TICAAAIAIA AATOGACBGT G20K3IBGAA GA1QQ9CCAA CTAAATCAGA 2050 
HieD/sTyrLi ysTrp03irVa lUxcValGlu AspGlyProT hrLysSerAs 

CIGAOCXQCT AIEACUCiiAG TITOGTIAAT ATOGAGSGAG 2100 
pProArgCys Leu3lrcArgT yrTyrSerSe rEheValftsn MstGluArgA 

Aax33^ric aggacickit qgooctctoc Tmrciocrm caaagaatct 2150 

spELojAlaSe iXSLyLenTl e GlyEroLeuL enTleCysTy rLysGluSer 
GaaGKTCAAA GAGG&AACCA GAIAATCTCA G&CAAGAQSA ATCICATOCT 2200 
ValA^pGlnA rgGGLyAsnGl rilleMetSer AspLysArgA saVallleLe 
GTITICICTA TITQCT3&GA AOC33AAQCIG GTAOCICACA G^GAATATAC 2250 
uEheSerVal EheAspGluA snArgSerTr p0yrLa£0ir GluAsnlleS 
AA03CTTTCT CXXCAATOC^ GCIQSfiGflGC JO^TK3AG3A TOCA3SGTIC 2300 
InArgHieLe ijEroAsnRco AlaGlyValG IriLeuGluAs pPraGLxiPhe 
CA2GCXTOCA ACA!TCA3QCA CAQCKICAAT G3CTALLGT1T TIGATAGTETT 2350 
GOnAlaSerA snllelXtetHi sSerlleAsn GlyiyrValP heAspSerLe 
GCSGITCfICA GTI ' IUITIU C AIGaGGIQGC A£ftC3TOGEftC ATICTASGCA 2400 
ajGOLriLeuSer ValCysLeuH isGluValAl aTyxTrpTyr TleTeuSerl 
TTOGAGCfcCA GACIGACTTC CTTICIGflCT TCTICICIQG ATATAOCTIC 2450 
leSLyAlaGl rfllarftspPhe LeuSerValP heEheSerGl yTyrllorPhe 
AAACACAAAA TOGTCTATCA AGACACACTC AOOCTATICC CATICIGAGG 2500 
IysHisLysM etValTyrGl loAspOhrLea ThrLeuEheP roPheSerGl 
2GAAACIGTC TICA3X3ICGA TCGAAAA1XC AQ3ICTATO3 ATTCIQQ33T 2550 
yGluBirVal HiefcfetSerM etGlioAsnPr oGlyLeuCrEp lOLeLeuGlyC 
GCXSCAACTC AG5^CTTI03G AACAGSGGCA TCAOD3CCIT ACTCASG3TT 2600 
ysfiLsAsnSe rAspEheArg- AsnArgGlyM etlhrAlaLe uLeuLysVal 
TCTAGfTIGIG ACAZO^ACAC TOSKS^TIAT T303A03ftCA GITAIGAAGA 2650 
SerSerCysA spLysAsrftti rGlyAsptPyr TyrGCLuAspS erTycGluAs 
OaTITCAGCA- TACITOCTCA GTAAAAACAA TOCCATIGAA OC^AGAfiQCT 2700 
pIleSerAla TyrlieuLeuS erLysAsnAs nAlalleGlu ProArgSerP 
TCICDZAGAA TTCAAGACAC 02TAG2ACm GG2AAAAG2A ATITAATOQC 2750 
heSerGlnAs nSerArgHis PraSerTlirA rgGlntysGl nKieAsnAla 
£OOCC2£C2G TCTTCAAAOG OCAICAA033 GAAATAACTC GEACTACICT 2800 
ThrProProV alLeuLysAr gftLsGOLnArg GluIleOhrA rgThr'IhrLe 
TCAGTICAGAT CAfiG?^33AAA TIGACIAIGA T3ATADGATA TCAGTIGAAA 2850 
uGlnSerAsp GliiGluGluI leAspTyrAs pAspOlorlle SerValGluM 
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TCRRGszysGA -Msmr^^'ii^ii^^^ Txptis^ - - 2900 ' :; '-• 

etTy pT^ hn uZ^Plieftsp. Il'gTyrAspG : lxA^pGliafts . nGEh^^Eno • 
03GAGCTTTC AAASGAAAAC AOSfipACiaT ;'1T^'1Q2TC " GAGI^S^S . 2950 . 
ArgSerEheG InLysii^ 

GCTCIGQ^T 03m3QC5^3A , f CTA(XitpOC . _ 3<X)0 

^LeifCqpAsp Tyt^l^fetiS .erSerSerEr oHisValf fa i Arg?jCTi?£cg^'; ' , ' 
CAGB31C3CCT' Cfi^TC^kk i^i'IumT. ;<±z^^cTr t V J ip^O" : ' 
laGCLnSer^l ySaj3>y^^ : 

ioxsaoacT <x±r£acScA GSocrStefix: !bG0X33&GAAc ,.taaatc&ac& ' : - 3160 ■'■ ' 

IhrAsoGlvS erEfodtlirGl riE^Ijail^JArg^y^uL eu&s^tiHi 

TX33IA&CTJT C^G&^^^ ' 3200 

etVallhr^ e&rgAs^^ ; • ; 

CTi^iTlUlT K£&$0^^ 3250; 

LeuIleSerT? yi^if^J^ ~ , .' ; r ' ' 

ciTiuic^ s, cjc^^^a '^^afcijni^ 4 ffc^ri^^A, N^a^^p • ' }; ssdb;/'' 7 "' 1 v 

riE^ValLys Ei^Asr^ " . ^ . . 

ADooagapc:. ca^^^i^y-^^^i^^^a^^^? ^^Jc^^'^^iip^ j 3350 : '^t. . 

■LsMetAlaEr GTl^ysAi^^ • 

iuiuaiui'IG j^octtcsg?^ Tici^ijxxi^ ; 34tio A - 

iciGGaxnGC, cao&E^ "• 
uLeuVal<3ys Hjs^bgt^^^^-^iT^ar cMafesCa-y ' Ai^toValT ' ' . : - 

ogo2?o^gs\. m 'ifrfcp ip^ p 1 ^ ; 3500 

hxValGarial \JLE4jeJ^peii i^eEfiailil .^eEfe^AsE^L^ .tilhrljysSear ; : 1 
TQCT&CTICA CTGB^DpMP ,.G^W^jZ^ ; 3550" ' ' " 

<X3^tqsaa GAigpc^^ ,'3600 
eGarfl^ttiLu AspEn$i^P ^ aw. 

sr^yi^li ^fetA^pG^,^ • ' !V ■'' 

AQGfiilTqG^ QGT^ ; 3700 ; ; 

Ai^IleAi^ zpG^iie^^ " iV ' 

TATICATTIC AC?K3jlACA!li3 ^TGTTCT^^^T . JOjAAAA^^ .GAJ3GASCKIA .3750 " 

rH^JiSEte'' SerdlittLsV aj^kttixVa .lA^p^^Lys"' ^v^i^^L ' ' - " " ' '' "' ' 

AAA3GQGACT GI^iaAICIC *imCX303IG Tl'iTlGAGAC J¥3IQ^»AATC 3800 
ysbfetAlaLe \iiycAsnLeu "IVrlibGlyV alPheGlinli rValGQ-utfet 
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TTSOCATCCA AAQC3X3GAAT TH333333IG GAAIOOCTEA TIQQCEftQCA 3850 
LgjProSerii ysAlaGlyll efErpArgVal GluCysLeuI leGlyGluHi 
TCIACA1QCT G3GAlGftGCA CAL'l'l'l'l'lCT GSKmCZGC AATAAGIGIC 3900 
sLeuHisAla GlylfetSerT hrLeuRieLe uValTyrSer AsnlysCysG 
j^CIXXTXT Q33AA3Q3CT TUIOSOO^ TI^GAGATTT TCA£5iTEACA 3950 
IrflhrEroLe iXSLyMstAla Sea*31yHisI leArgAspFh eGlnTletthr 
GCTTCAQ3AC AATATX33ACA G?B393X)0C2l AAQC3QQ0CA GACTTCATEA 4000 
AlaSerGlyG InTyrGlyGl rflip&laPno LysLeuAlaA rgLeajHisTy; 
TT0033AIICA ATX3^ATO0CT GSEGCaGCAA GGffiQDOCTTT TCTIQGftTCA 4050 
rSerGLySer IleAsnAlaT rpSeraiirLy sGl\jProE3ie SerTrpIleL 
^3GTIG3A3Cr GITOGCACCA AOGATTATTC AQ3XATCAA <3^3XAQ33T 4100 
ysValAspLe uDeuAlaPro MstllelleH isGlylleLy sUirGLnGly 
(XDCGTCAGA A jTICTO CAG OCICTRCA3X: TCICftL?lTiA TCA3X3m5EA 4150 
AlaArgGlriL ysHieSerSe riiailyr-Ile SerGlnlfrel lelleS^tTy 
TB GICTTG AT GQ3AAGAAGT' G<X]AGACITA TO3&QGAAAT TCX3CTO3AA 4200 
rSerLeuAsp GlyLysLysT b^XSjllhrTy rArgGlyAsn SerlhrGlyT 
QCTEAAIOoT CTlUlTlG GC AAT3K33AIT CATCIG3GAT AAAACACAAT 4250 
hrLeuMfetVa UheKieGly AsnValAspS erSerGlyll eLysHisAsn 
j fflnna acc ctocaaieat toctosatoc aiuluitiuc aooc^acica 4300 
IleEheAsnP roEcoIlell eAlaArgTyr HeArgLeuH isEroOlirHi 
TEATAQCATT CGO^GCACIC TID3CAIQ3A GITCA3G3QC TG1GATTIIAA 4350 
STyrSerlle AcgSer^hrL euArcflyfetGT uLeajMetGly CysAspLeuA 
AIAGTIGCAG CATOCCKITG Q3AATO3AGA GTAAAGCAAT :ATCAGASQCA 4400 
snSerCysSe rMstEroLeu GlyMstGluS erLysAlall eSerAspAla 
CKSXTI&CIG CITCATCCTA CrrTWXAAT A!1UJLT1U3CA CXTQ3ICICC 4450 
GELnll^nbrA laSerSerTy rEfreOlirAsn MstEheAlaT hrTrpSerRr 
TTCAAAAGCT CEACTICBOC TCXKA3GGAG GAGEAA3GCC TO3SGAQCTC 4500 
oSerlysAla ArgLeuHisL eajGlriGlyAr gSerAsnAla TcpArgEroG 
2GG3X3&KEAA lOCAAAAGAG 1Q3CIQCABG TO3307ICCA GAAGACAA3X3 4550 
InValAsnAs nProLysGlu TrpOLejGlnV alAspRieGl nLysThrifet 
AAaGTTCftCAG GAG13iACEAC TCEG33AGEA AAATCTCIGC TEAO^AGCAT 4600 
LysVallhrG lyVallhrTh rGlnGlyVal IysSerLeuL euIbrSerMe 
CTA3GIGAAG GAGTIOCTCA TCIOGAQCAG. 1CAAGATO32 CATCAGflQSA 4650 
t^iyrVallys GluIfreLeuJ leSerSerSe rGlnAspGly HisGQLriEcpT 

acicmrr tcacs^at33C aaageaaagg titi'icaoss aaatcaagac 4700 

hrLeuFheTh eSlnAsnGQy LysValLysV alPheSLnGl yAsnGliiAsp 
TCCTICAGAC CIGIG3IGAA CTCICTAGAC OCADDGTEAC T3ACTCQCTA 4750 
SerFh^DbrP roValValAs nSerteuAsp EroEroLeuL euIhrArgTy 
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(XTiaSAATT CAOOOCO^iGTilS^ CK5AGGATOG ., 4800 

rlieuArglle HisPcoGELnS erTnpValHi sGOLnlleAla lieuAzgSXfetG 
AQGTICTQ33 CIQCGAG3CA CAdGftODKT 1 4850 

luValLeuG! yCysGluAla GlnAspLajT yr. . . 

CTGAG393AT Q3GC2iZm&A AAGACMS^T iAAAAOQCaaG GGTOTIGGGT : . 4900 

OGfmGITCG GAOXX^AGjATC' TAGSAAOODCilAGaS^^ 4950 

CXX3CICIQC QCX3GTCQCTe GCICACTGAG'.Q^ : 5000 r 

0031033333 MXTTJX33JC GCO03330IC ri^ 

Q302AACO3C: OCD3033O33 O03CTG3V33 a3%0CTOG3flX 5100 
TAATCAA0XX3 G3CftA£QO^ 



raojasiaar:. AGcrcagiCA- AAQ3333ig& >rac^ f "525d / 

• ..■'•"•-3.'-. r":>.vV l ' . .J'-ri \>X X^'ii.Oi;/ vV ; •-' 

crasATAAOfl' c?^^ q-^m ' . 

; ■! K„r:.': JX - V/;JX-i t Jy • : %X>."sJX?. *l ..'::r OC::-: ■ v.s'.V' . • 
(^TTGERAA ^Q3^^ 5350'-'' 

tcacaaaaat Q3AQggio^-Ga^ x .5400 



^ * 



pnza&cmr aaagaiaqca <3335iTiac£ octogasqct r <33znoa3ixtt .?.:.• 5450 



cttt.' Qoaaonrm^r 1 romaooas ataoc?1g?ioc' ■ : 5500 ^ 

I j,. ; • Xt ;:>{-■. Tjr.t^a'-VV- ,T • X- ; : ".to . ?y.X. • 

(7na333AA^ arar33Q30IT -TC^ - 5550- 

TQ33IGI!AQ^?- TOSITCQgIC CP&QZK3G3Z~ > ^^ 5600 - 

'_' ' ■ ;.X ' -- - ' 'l.~...i.'~> ."■ -\D L;.?m?2C: rp Xs." /■ . i jo j* • 

TCAQ30QSAC ; Q3CTTQ333CT TA3XX333I&A' CiA!^^ 5650 ' 

naSEAAGACA Q3ACTTATOG Q2ACIQ3CAG CAQ03ACIQ3 TAACAQ3A!IT 5700 
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AQ2AGAQ35A GSmrGIPGG C33TGCI2£A GAGril.TH.jA. 2GB33IX33CC 5750 

T^aCTRGgSC TACACTAGAA QG&CAGmiT TOGE&TCIGC QGTCIGCTGA 5800 

AQCTaGTTAC CTI09SAAAA AGAGTIQGTA QCTCTIGATC Q33CAAACAA 5850 

AQGAQOQCTG GCAQ033IQ3 'I'l'l'lTl'lGIT TO2AAGCAQC AGATIRQQnG 5900 

CAGAAAAAAA Q^JCICAAG AAGATOCTIT GML'l'lTlCT AQ33Q3IC?in 5950 

AQ3GTCAGTC GAAOSAAAAC TCACCTTAAG GG&ITITO3T CATCSGATIA 6000 

TCAAAAAQ5A TCITCAOCTA GATOCTTITA AATTAAAAAT GAAGITTTAA 6050 

AJCAAICTAA AG3^A!TATC AGEAAALTIU GICIGACAGT TA GGAATRTTP 6100 

ylGellneS 

TAATCAGIGA G3CACCTATC TC2¥3CGATCT GICEATTI03 TTTCATOCAim. 6150 

ueL siHo rPlaV — gr AueTjreSgrA psAellulGn sAteMprTue 

GTIGOCTGaC TCO0O3KXST GEAGATAACT A03AIA03G3 AGQGCITAGC 6200 
IrilGgrAlaV ylGgrAgrAr KTreSueL. . .reSlaVorP orPreSlaVt 
ATCT39CXXC AGIGCIGCAA T3AJEADQ3CG AGAOOCAOGC TCAO0Q3CTC 6250 
eifolGylGpr TsilfolGueL reSlaValftu eLylOLaVre SlaVorPulG 
CBGATJLTAilU AXAATAAAC CAGCEAGOOS GAAGGGOOGA GCGCAGAAGT 6300 
ueLnsAellu eLnelneTyl Gal AueT.grA ehPorPgrAa lAsyOebPsi 
GGTOCTQCAA CTITATOGGC CTDCAJGCAG TXJIJATI^ATT GTIGOCGGGA 6350 

HpsAnlGueL syLellgrfig rAprTyLGch T nsA. nsAylGorPu 

i^GCTAGAGm AGIAGTTCGC (SGT'IAATAG TTTOD3C?^AC GTIGTIGOCA 6400 
eL. . .ueLue DryTnsAalA ueL. . .ryTn sAalAsyGgr AnlGnlGprT 
Tl UL'liACAGG CATCGIG3IG *ICA03CTCGT aGITTOSEAT GGCTICATIC 6450 
nlG. . .ueLs yOgzAorPrh llaVreSriir rfimlGryTt> xPsyLteM. . 
AGCTXXGGTT CCCAACGATC AAG303AGIT iOYDGATCCC OCATOTIGIG 6500 
.reSgrftnsA ylGlaVellu eLalAueL. . . teMallylG prTi±Tr±crs 
CAAAAAAGCG GTTAGCICCT ICGGflOGTOC GMCX3TK3IC AGAAGTAAGT 6550 
yCehPueLor P. . .reSgrA grApsAulGr eSgrAnlG. . .ehPrylihT 
TOQOCGC^GT GITATCACTC A3Q3TTA3GG CAQCACTGCA TAATICTCTT 6600 
orPgrAueLr hCDelllaV. . .orP. . .orP ueLAaValAr yTnsAulG. . 
ACTCICA2GC CKKXX3EAAG JfflQLTmCT GIGACTG3IG AGTACICAAC 6650 
.nlG. - .alA teMgrAueLe llreSsylril GreSnlGsiH rhlteSueLp 
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CKM3K2££^ - ) 67Q0 
zTrilTtea^r i^elielldtr rytelAalAl aVreSnsftre Ss^ylQorP 

0GTCMfl2C3 G3a35^aaOp G330^ - 6750 
rtfflaslAaVo rEi^rryTgr AalAlaVcyr ^5^hEsyLu kjueLalA. . 

ATCKITaaA A&Q3ppQ^ ? 6800 ~X ' 

nlGebP laVbsAsylo rBalAehPla Vgrftu^Ej^ grAlaValAr ~' 

CTIGAGATCX? ^GTTOGA^ - ; 685Q ■; f[ • 

hEreSellpr OhsAreSi±cr la^rTUlGs lEOsRjjpcIte ^ S^LZsaiiusL T, 

teMsyL. . -s yL. . .prT&r AsJtnlGfcftr u^Lu^LehPa ^LehPalAeh ~ " 

PsilferftueL dhParPehPu elorEreSla VreS ^LDo sa ehPlavl .1 ~ 

J ^CICTiapIT -T 7000 * 

CATATTIG&A TCIEJTTAG&. AAAATAAACA. AAEAG333IT 7050 

OCQCGCACAT TIOCXXGAAA. AGTOOCACCT GAOSTCTaftG AAACX3HTAT 7100 

TATCATCACA TTAAOCEAIA AAAATAG333 TATCACGAQG OOTTTCGIC 7150 

TOQ0333TIT OGGflGAIIGAC G3IGAAAA0C TCIGACACAT QCBQCTQCas 7200 

GAGAOSGflCA. CAQCTIGICr GTTAAG333AT GCXD33GAQCA GACAAQ000G 7250 

TCA3333333 TC2G0333TG TTO33333IG TO9333CIQG CTEAACEA1G 7300 

0332ATCAGA. CTCJAGAGTOTJ AOCZA3ZAIG33 GIGIGAAATA 7350 

009CACAGAT Q03EAAG3AG AAAATAOOGC ATCAG GAAAT TCIAAAQ3IT 7400 

AATATTTICT TAAAATID3G GTTAAATTTT TCITAAATCA QCTCATTWT 7450 

TAAOGAATA^? (ynOAAATCG QC7AAAJQX! TTATAAAJCA AAAGAATAfiA 7500 

03SAgffiAQ5 CTIGAGIGTT GITOCAGTIT Q3AACAAGAG TCCACTATTA 7550 

&AGAAQ3IQ3 ACTQ2AAQ3T CAAAQ3 3CGA AAAAOCGTCT ATCAQC33Q3A 7600 
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ranrncacra cGiGAftQcar caccctamc AaoiTiTi'iG Q33iaao3r 7650 

prrr?IRAaQn ACTftAaiQ3G A&XCTAAEG 0530000035 MTIfiGaQCT 7700 

TrarmaafiA aonoosoaAA. coroaoGaGA. aaqsaaggga ^gaaaqosaa. 7750 

ftfyaflnOOGH QCTAQGG03C TO3CA&GIGT A30Q3ICaOG CroOOOGfEEA 7800 

rrarnAGACT! mnogjGcrr a&igcoocgc TAcaGoacoc gio33332at 7850 

■nrVtTRITCR CEC33^Q5CAA. CTCTT1G3G&&. Q390G&TO33 TOCQGQGCTC 7900. 

m C33CCN3QFQ3 CB3CM3333G Q33G3333GG Q3GT 7944 
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FIGURE 6 
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TOGOCACIOC CTCICIGCGC QCIOXTO3C TCaCTGaGQC OOSODGaOCA 50~ 



AAG3I03CrC GA03X0333 CTTIGOOOSS G333XTC2G TCAQOGSQCX3 100 

A333CGC2GA G2G3GSGIGG CCASCTOCAT TOCTCAGATC 150 

TCTTICTAftG TAAACAGEAC AIGAftDCTIT AOOOOGTIGC TCG3C&AOGG 200 

COJX3JJ0CJUT goca&gtgit TGCTG&JGCA AOOCXX2CIG GCTOOGQCTT 250 

G30CKERG3C CATCftGCQCA. TO0G3ATCTC ASIGIQGaTT TOCAAG2GGA 300 

A3CAAAA&3C CTCTOCftOOC £G30CTGGAA TCTTTOCaOC CA&IGICGAG 350 

cagigiqgtt rcGcaAGaos a^gcaaaaag (xtctocacc csggqctgga 400 

AGfiCTACITC TfiGAAftlfiOS AQCJCKHGC&A GfE^GftQCJECT 450 

/JfetGOLn ValGluLeuT 
ACaOCTOCIG CTITCTGIGC CTTTIG3XT TCAGOCnaG 500 
yrlhrCysCy sPheLeuCys LeuLeuProP beSerDeuSe rAlalhrArg- 
AABIACIACC TO33IGCAGT G3AACIGTOC TG33ACEATA. TQCAAAGIGA 550 
LysiyxTyrL. emSlyAlaVa lGluLsuSer TrpAspTyxM etGlnSerAs 
~ — — i Q03C3QC&CG 03G&I£CA£G CTITroiTC C AQGGIGOCAG 600 
ALaLeuHisA laAspOhrSe rHieSerSer ArgValProG 
ACICaCEAaS iraGIGAOGT ACTO^AftGffiC TOIUITIUIA 650 
lySertjeuPr dLpa/TtirThr SerValHirT yrArglysTli rValPheVal 
G£GITEAC£G ADaaOLTriT CMC2MGX ASGOOCSGGC C30D3IG3AT 700 
GluPheOlirA sp&spiLeuHi eAsnlleAla IysProArgP roPraTcpiyfe 
G33X1GCTG GGllX'JffiCCA. TOCW33CIGA GGITTATCffiC ACBGIG3IC& 750 
tGlyLeuLeu GlyProThrl leGCLnAlaGEL uValTyrAsp ThrValVall 
TIGIXXTEAA GAACAIG3CT TCIGA3XX3G TX3^XTICA OaC'IGl' l UST 800 
leValLeuLy sAsriMetAla SerHisProV alSerLeuHi sAlaValGly 
(jI!A!iUL'JLJAiiT GA3EA3X»GG AKaGAOCftG 850 

ValSerTyxT rpLysAlaSe rGluGlyAla GluTyxGluA spGlrfThrSe 
CCAAAAGG2G P£03&£3£DG A1EATCICAT TOCTGGIGTiA AGOCKEAGCT 900 
rGlriLysGlu LysGluAspA spAsnValll eProGlyGlu SerHisThrT 
AIGTCTG3CA GGIDCIGAAA GAGAKEGGCC CAAIGGOCTC TCMXTAOCA 950 
yxValTcpGl nValLeuLys GluAsnGlyP rcMetAlaSe rAspProPro 




17/25 



WO 01/27303 PCT/US00/28221 , 

FIGURE 6 (c5rit:> 



10 ; % . ^ 20 , 30. r _ 40. ' " 50 " : 

1234567890 - 12345^90- ^345<fe89b'^ j ? - 

CVsLeuCEhrT ycSei^TyrHi- eSefflisVal AsfSLeuValL ysAspLeuAs ' 

ATIGGAGOOC TCCTOGTTIG CaABGAAGGG ^GICIG33CA 1050 
nSerGlyLeu n^iy^^^^ebl^ . ^ .. 

AAGAAAQG&G ACAGAOC^ l G^ TOCI^flOT H00 

ysGluArgTh rGOjrflj^ : 
G^GAfiGQCSA AAAGTnGGCA : OT 1150 
AspGluGl^i ysSa^^-/^SQ^Luiffir ;AsnAlaSerL;^ ^ : eoil5^an^ ' ; ? ' . ; 

C20GSOriQC ;^ada!iC3iA TO3C33SGiA ' ASCftQCTCTC ' 1200 : 

TOOCRQGrrer trcigedstsp eacABGAGAT cagtcektig gckksigmt' 1 1250 kV 

euEroGlyl^ v ; ^ .: 

GGAATGGGSk OCAODODCGffi^ ASGGOXSiCAC ' 1 1300' 

ATITCnTC^' 'AGGP^ 1350 
rEheLeuVal ArgAkrtfH;i& ^ - i . ; . • 

ITl^UCTIAC- TOCT^^ GlTlULflCDS 1400 

TTTDGaxa aa, tcxxitgoea TCAMaaic^-GgaaT^^ 1450 * ' >; 

HieCVsHisI leRtcfee^ sGdjad^ • r '^"' : •' 

AGflRGATAGe • IQOCEftGAGG A^XXJCAGCT G03CKD3^Aftr ASTfiiATGAAG 1500 
sValAspSer C^si^o^^'iijETO r ' 

AEAAftGJiTiA TSaEffiOQGT ? CriumG?^;CTCAC^ !y "- 1550 

Tllla^ i aA CG 1 T^GCTCfTIC Qg^TOJaCT' Ci^SI TG C O A 16CX)' 
HaeAsEA^A spS^cS^Sg rifelfoe^ : .1 : . 

GS^QCAaxiCT A?^CTTG^ 

osssoranxfc tcxxtc i7op ' 

mAsfcQTyrftl aEroSoMy ^EroflinrPi^ "'- 
CT S lganGA ACAAIGGTGC TC?OIX33iTr; G3I5^GaAGT *20iAAAAfiGT ! 1750 '' * 
LeLflydjeuA aoAsn^ 

lArgrheVal Alaiyisi^- ^ - 
j^CTATCAATC .AQ^^ 

IrfPyrGluSe rGlyrfeL^u GlyE^Dai^^ajnS^ r - ' : f 

ACACIGCIGA TIA33flTI!AA ' GAAICAftGCC \filGp0333ZAT ATAACATCIA - 1900 
ShrLeuLeuI lelleEheLy sAaTGlhAla 'SerS^Pbc/T yr^ 
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COCTCATO33 AICAATEATC TCACTOCIUr QCBC&CB333 ASilTOCCAA. 1950 
rPrcHisGly IleAsriTyrV allhrPraLe uHisflJiiXSly ArgLeuProL 
AAGStfGTGAA ACmTlUAAA GA2B3G0CAA TICTG0CJ333 AGAGAOATIC 2000 
ysGlyVally sHisDeuLys AspfcfetProI leLeuProGl yGluIleHie 
i^GTATAAAT G3ACAGIGAC O202AGAAGAT Q&CC&ZCIA AATCAGATCC 2050 
LysTyxLysT rpaiirValTai rValGluAsp GlyPrcOhrL ysSerAspEr 
TCX3G0X3CCIG AOOCGATA3T ACTCAAQCTT CATEAATCIG (3*GAGAGA!IC 2100 
oArgCysOLeu TlxtArgTyrT yrSerSerHi elleAsriLeu GluArgAspiL 
TAGCTICAG3 ACICAITOQC OCJKiniCICA TCTOCTftCAA AGAATCIGTA. 2150 
euAlaSerd yiieuIleGLy ProLeuLeuI leCysTyrly sGluSerVai 
GAUCAAAGAG GAAAOCAGAT GA1GJLCAGAC AAGAGAAATO TCAICXTIGIT 2200 
AspGOLnArgG lyAsnGCLriMs tMstSerAsp IysArgAsnV allleiLeuPli 
TICTOTATIT GA2GAGAATC GAAGCTG3IA OCICACAGAG AA32A3GCAQC 2250 
eSerValRie AspGluAsnA rgSerTcpoy rLesiEicGlu AsritfefaGCLnA 
GLTIUL'IOX: CAATGCAGAT GCBGIGCAGC <XX3m3AOCC AGACSTOC3^ 2300 
xgPheLeuPr oAsnAlaAsp ValValGlriP xcHisAspPr oG0.uPheG£ln 
CIC1CUAACA TCA3JX3%CAG Om2AATO3C OmulTlTlG ACAACTTOCA 2350 
DeuSerAsnl lefrfetH-j sSe rlleAsnGly TyxValPheA spAsriLeuGl 
GCIGICAGTr TCITIG2ATC AQ3IG3CX3IA CTO3IACA1T CTAAGIGTIG 2400 
nLeuSeKVal CySLeuHisG luValAlaTy rTqcOyrlle LeuSerValG 
GAGCACAAAC TCACTIOCIG TC1U1CT1CT TCTCIG3A03A TAOCTICAAA 2450 
lyAlaGlrfEh rAspEheLai SerValPheP heSerGayiy xttr&i&j/s 
CACAAAATO3 TCTKIGASGA CACACTTAOC C1LT1U0CAT TCICAQGAGA 2500 
HisLysMstV alTyrGluAs pOhriieuaiir LeuIheProP heSerGlyGOL 
AACIGICriC AIGTCAA3GG AAAAO0CAG3 TCJX31X333TT CIQG33IGCC 2550 
iflhrValPhe IfetSedyfetG lxjAsnProGT yLeuIqpVal LeuGayCysH 
ACAACICAGA CTTTO35AAC AGAQGCAIGA CAQCXIETfiCT GAAG LglTlUl ' 2600 
isAsnSerAs pPheArgAsn ArgGOyMstT hrAlaLeuLe uLysValSer 
AfjJl'lGlAACA G3AACAG7IGA TC2HTA1TAT GAGGACACAT ACGAAGASAT 2650 
SerCysAsnA rgAsnlleAs pAsptfyrTyr GluAspJEhrT yrGliaAspIl 
0OCAACT00C CIQCTAAA3G AAAACAAIGT AATTAAACCT AGAAG^ITCT 2700 
eProGlirEro LeuLeuAsnG luAsnAsnVa IXLeLysPro ArgSerHieS 
CXX3^3AATIC AAG3CA0CCT AGCACEAAQG AAAAQCAAIT GAAAAIGAAG 2750 
erGlnAsnSe rArcfiLsPro SerlJirLysG luLysGlriLe uLys^tlys 
ASS^GAAGATr TIGACATCTA Q3GOSACIAT GAAAATCAG3 GOCIOCX32AG 2800 
ArgGluAspP heAspIleay rGlyAspTyr GluAsnGlnG' lyLeuArgSe 
CTTTCAAAAG AAAACACGAC ACEATJTCAT TOCTGGAGIG GAQCGICTCT 2850 
rPheGOLntys LysThrArgH isTyrHiell eAlaAlaVal GluArgLeuT 
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GGGaiE&TCG GAiGACTAGA ^^^^Tto^^AA 2900 " ~ 

xpAspTyrGO. i^fetSerftrg SerErpHisI leLeuArgftis.nArgftlaGlti -'•< 
AGIG3GGAIEG TOCAGGAGIT C^AGAMGIG .GTITTIOCKOS AATPEAGIGA, 2950 ■" 
SerGLyAspV alGl n GlnHi ^L^jysyal VallfoeSlnS luEheahrAs 
tcgaicctit ACTcaGGtrr tataoostos lagaacigaat gaacactiqg 3000 .. 

pGlySerEhe ttrtfSOjsBroL euTyrftrgGl ySLuLeuAsn GluHisLeLG 

gacicttcggg Qco^aa^ 3050 •• 

lyl^jLeuGl yErx^iyrlle ^g^GauV.alGluAsEAs : nlleValVal i . 
ACTJTCAAAA AOC3*3GqCTC-.^ 3I00 ; . 

TTCTDiTCZJC GAAGA3j3Ate;GB<^^ 

eSerlyrAsp Glu^^i^ : lyGl^ aGluPcoArg ArgLysHfeV ;■ 

TCAACDCTAA TCAAAC^AAA^ 3200 "... 

alAsnEraAs riGli^??^-. ^ ....... 

GCAC03CTA AAGa3X3ACTT; T!3?^IQ2A?^: GQCTGGGCTT. 'ATTITIC'IGA 1 ; 3250 
AlajtomirL. ysAspGli^ v eA^O^ys AlaTcpAlaT yrPheSecAs ' 

pValAspI/aa GlxiLysA^V, .^LHi^erGl yLeuIleSlyj EroLeuLeuI r • , • ; . 
TCTOOCQC^TAAG^^ ., 
leCysArgSe rftsnOC^eu AsnEraAlaH isGlyAcgGl. nValTliEVcLL ■•■{---■ 

GlnGluFheA. laLeuValPh -gOtonePhe-, AspGliMirL. ysSertfrpTy 
CTICACTGAA r AAOC^^ 3450 
rPheflfcrGlu Asrfl^ gAJ^aProOys AsnValGlnL - 

^GGSOSAOCC TACIOraAAA^GAA^^ G5TTO£A!^r AA^ . ,-. 3500 . 

ysGluAspPr oahrDaa^^^ 

TKIG1X3AAGG ,A03d^^ 355O . 

OyjcVallysA splhrDaiPr 

TOGaao3i3ir.. ciqct3*3Ca to333Pgaa pg&aaacait czmxraarc ?.j 3600 •• ■ 

lArgTcp(^r Lpi iTq iflpr M etiaySerAs- L n31ijAsnIle. HisSerll^i 
AC1TCAGIGG ,ACA!IU1U1^ t . 3^,. /' 

isilieSerGl ;yHisyal^e,^ iflyirLy^Mst 
G3iGTCTACA JOCT^^ 3700 
AlaValTyrS. snLatfyri^^ 

QGAATCIG3C Q3AJEAGAA3G ; CCTTATOGGC GAQCAOeiGC , 3750 . - 
oSerGlnVal GlyneilpA rglleGluC^ 

AAGCD3QGAT GAGC30XHG TI^^ 3800 
InAlaGlyvfe t^SerThrljeu PheLeuValT yrSerLysLy sCysGlmtir 
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0CACIG39GA TQXTI0333 AC?O^ITAGA GftliTl'lCAGA. TIACAQCTTC 3850 
ProDsuGlyM etAlaSerGl yHisIleArg AspPheGlnl lelhrftlaSe 
AQGACAAIAT G3ACAGIQ33 OCOCAAAQCT G3CCAGACTT CATJLm'JLULG 3900 
rGIyGlrflyr GlyGtaltpA laProLysLe uAlaArgLeu HisTyrSerG 
GAICAATCAA TOCC1G3AGC AOCAAQGATC OCTTTTOCIG GATCAAGGIIG 3950 
lySerlleAs nAleCCcpSer ThrLysAspP roPheSerTr pIleLysVal 
GAILUCTIGG CBOCGAIIGAT TATTC2033C ATCA1GAQQC AQ3333000G 4000 
AspLeuLeuA laPrcMstll elleHisGly IleMstltaG InGlyAlaAr 
(XEGAAGTIC TOCAGOCTCT AOSIGICTCA GTl'lIATCATC ATCISCAGIC 4050 
gGlriLysPhe SerSerLeuT yrValSerGl nPtaellelle ^tTyrSerL 
TOGKIQQCAA CAAGIG3CAC AGTEACD3AG QGAAITCEAC G333AOCTI5\ 4100 
euAspGlyAs nlysTrpHis SerTyrArgG lyAsnSerlh rGlyHirLeu 
AiUb'iUriCT TrGSCAAOGT G3ATICATCT G33ATCAAAC AC&ATATTTT 4150 
lxfetValPtaeP heGlyAsnVa lAspSerSer GlylleLysH isAsnllePh. 
TAAO3CTO03 ATTATIGCTC AGEO^KXJS TTIGCaGOCA. AO0CA1TACA 4200 
eAsnProPro IlelleAlaG IrflyrlleAr gDeuHisE^ 

GCKDCD3CAG CACICTIOQC: AOGGaOCTCr TOQQCIGIGA 4250 
erlleArgSe xTlxrLeuArg- MstGluLeuL euGLyCysAs pPhsAshSetr 
TOCAG2ATOC 03C3Q333AT G3AGAGIAAA GC^ATATCAG AOXSCTCAGAT 4300 
CysSerMetP roLeuGlyMe tfiluSerlys AlalleSerA spAlaGLnll 
CAGIGOCIOS TOCTAOCTAA. GGAGEATQCT 1G3CACTIQ3 TXnOCTTOOC 4350 
eflhrAlaSer SerlyrLeuS erSerMstLe xjAlalhr^Iip SerProSerG 
AAGOXGGCr GCACGTO2AG GGCAGGACTA A3G0CTG3AG AOCTCAGQCA 4400 
InAlaArgLe uHisTrf=aiGln GlyArgThrA snAlaTtpAr gProGlnAla 
AATAACCCAA AAGAGIG3CT GCAAGIGGAC TIOCG3AAGA OCAIGAAAGr 4450 
AsnAsnPraL ysGluTrpLe nGlnValAsp PheArglysT hdJfetLysVa 
CACBQSAAIA AOCAOCCAGG G93IGAAATC TCTOCTCATC AGCATCTATO 4500 
lUirGlylle Tlit^lhrGLnG lyValLysSe rLeuLeuIle SerifetSyrV 
TCAAG3AG0T CXHCATCIDC AGTAGTICAAG A3Q3CCATAA CTOGftCTCTO 4550 
allysGCLuRi eT<=aiTleSer SerSerGlnA spGOLyHisAs nTrpTbrTieu 
' ITILTICA GA ATOXAAAGT CAAGGICITC CAG33AAAOC GG3ACICCIC 4600 
PheDesjGCLnA snGlyLysVa HysValPhe GlnGlyAsnA rgAspSerSe 
CM33CCFGIG 033AAOCGTC TO3AAO0Q3C GCIGGIG3CT CQ2EACGIGC 4650 
xahrEroVal ArgAsnArgL euGluProPr oLeuValAla ArgTyrValA 
QCCTQC2CCC GCAGAGCTCG Q03CAOCACA TO300GIGAG GCTG3AG3IC 4700 
rgLeuHisPr oGlnSerTrp AlaHisHisI leAlaLeuAr gLeuGluVal 
C3Q33CT30G ACACDCAG2A G33330CIGA OCTQOQOCTC 1G03G00CIG 4750 
LeuGOyCysA splhrGQriGl nProAla. . . 
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'rorooooocG qctiocx3>tc aaqcteatos 4soo 

ATftaXTOGA GCGAGTICTr CIGAQ33GBT AAjGfcCAQAAT 4850 

QG?IG?nQ93r C GKETIGITC G GgmDCASHC TAGSAAOQOC 4900 

TAGIGAIQSA CTIQQCCACT OOCTCICIQC: G33CT03CIC QCTCACKSftG .4950 

G0CG00CI333 CAAAQ0CO3G G03IO3330G A3CTTIG3IC GOQOGQQCIC 5000 

AGDSaGCXSAG 03AQ33G3CA GftGfiQ3SAGfT OOQOaXOOC 5050 

TAAIGAATOG GCX3^CX3a3C GC9QGAGAQ9C 5100 

QgmG0G?IA T1QQQCX3CTC TOOOOpTiaC TQ3CTT!A(7Tre ACITXyTTtyn 5150, 

Cia33IOCTr Q33CT3CX33g GAGaaSTATC AQCICACTra AAryrrr^A* ' 52 00 

TAQQ3ITATC CBCaG& ATCA. QQaGAj^aOS f^AQg&AG^ C*nX5IGPOV\ :: 5250 1 i; 

AAAGajcfiQc aAfta^s^^^ssra ^j^Q^QCTeiT^^^i; - 53ob 1 "• 

V ■ ' . >- ' ' 1 ... ..**': ** ... •j • . y 4 *. j t ...~v_ i ) .J •. v. . ■ •. 1 . a; , . 

TTIQ2A.TAQ3 CIQagOOO JC CIGAJTOGGA. TCAf^AAAAAT OG&foyTCAA' •'; ; 5350 
GK3*G&Q5IG GQ3AAAQ DOG ACAQ3Ag]g£r M&n)m>6^ 5400 

cciqc3aa£3 ct arrosnyjG cicidctstt oosAfxcioc! onrrrPAnrry; 5450 

• • .. ~ ~ ~ ■ t ~ : ■ v.. •.• ^.v — •■ • T . ■ ■ - 

PTZOCHGTCC QaJl'1'lL .TOC CTI0333AAG CrarQaOQCTI 1 ' TCTCsiATOCT ' 5500 

• ■' .'■ . " - ~ ; ./ ~ ■ .-, ~w * 
caoaciGrc Ag GTERTCTGAgr ^033snt3EAQ^ : rrinr?iTOGCT\r! V^kAnrnryify'' - 5550 

'iUlkxxqczgg AAcarGOGT TCaQcrni^AC qyjTTyrnCT : ^Tmfy?TAA- " ' 5600 r : 

CTMX331C1T GAGnX32AAg! G CX-GTCAAGACA. CGg^CTTATCG QbAgimnAn 5650 

caoccftciQG TAACAQsa rr AocaGAnnsA o^itTraos cGCTryrrAPA 5700 
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GAGT1CT1GA AGIQGTOQOC TAACTAQ33C TACACTAGAA GGACAGTATT 5750 

TOGT&TCIQC GCICTGC'IGA AGO^GTIAC CTIOGGAAAA AGAGTIGGTA 5800 

qctctigatc cqscaaacaa ACCAooaciG gt&qqggigg TESSrrrsrr 5850 

TOCAAGCAQC AGATIAQQQG CAGAAAAAAA GGAQCTCAAG AAGATCCTIT 5900 

GATCITTICr AOGCTCAGIG GAAOSAAAAC TCAQSITAEG 5950 

QSAjl-jltiGGT CATCAGATTA TCAAAAfifiGiA TCTICAOCTA GATOCTFITA 6000 

AATTAAAAAT GAAGTTTTAA ATCAATCEAA AGTATAIAIG AGIAAACTTT? 6050 

GTCIGACAGT TAATCSGIGA GGCACCTATC TCAQCGATCT 6100 

ylGellreS ueL. . .siHo rPlaV. . .gr AueDreSgrA 
GTCTftTTIOS TICA3XXIATA GTIGCCTGAC TCQODCTQGfT GEAGA32AACT 6150 
psAellulGa sAteMprTue IzilGgrAlaV ylGgrAgrAr hTreSueL. . 
AOGATAOGGG AIICIQ3O00C AGIGCIGCAA TCATftOCGOG 6200 

.reSlaVorP orPreSlaVt eMhlGylGpr TsiHhlGueL reSlaValAu 
AGAGOCAGGC: TCAGCGGCTC CAGATTTATC AGCAATAAAC CAQC3CAGC3CG 6250 
eLylGlaVre SlaVorPulG ueLnsAellu eLueLueLyl GalAueLgrA 
GAAGGGOOGA GOXAGAAGT QGICCIQCAA CTl'imbCQC CTOCMiCCAG 6300 
ehPorPgrAa lAsyCehPsi HjpsAtiLGueLi syLellgrAg xAprTylGrii 
TCTATEAATT GITOCXD39SA AGCTAGAGTA ACTBCTI03C CAGflTAATAG 6350 

T nsA nsAylGorPu eL ueLue LayHisAalA ueL ryTn 

TITOCGCAAC uriUl'lUULA TIGCTACAG3 <3flOGfIQGfIG 'ICAGGC1CGT 6400 
sAalAsyQgr AnlGnlGprT nlG. . .ueLs yGgrAorPrh TlaVceSrttT 
OGflTIGGEAT G9CTICAIIC AGCIOCGGTr OXAAGGATC AAGGCGAGTT 6450 
3±flttiLGrylt) rPsyLteM. . .reSgrAnsA ylGlaVellu eLalAueL. . 
ACATCATOCC CCATCflTCrlG CAAAAAAGOG GTIAGCTCCT TOSGTCCIGC 6500 
. te^fellylG prTch£Ti±jTs yCehPaeLor p. . .reSgrA grApsAulGr 
GAiLUol'lGIC AGAAGTAAGT 'IGGOCGGAGT GTEATCACIC ATOGflTATCG 6550 
eSgrAnlG- . .ehPryTrhT orPgrAueLr MtelllaV. . .orP. . .orP 
CAGGACIGCA TAATICTCTT ACTCICA3GC CATXXGTAAG ATO L-'l'I'l'l CT 6600 
ueT.laValAr yTnsAulG. . .nlG. . .alA teMgrAu^Le llreSsyLnl 
GTGACIGGIG AGIACIGAAC CAAGTCATIC 1GAGAATAGT GTATCD33CG 6650 
GreSnlGsiH riflieSueLp rTdirt^gr AueLellrhT ryialAalAl 
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AeossGfiroc TCiampDSG oeij^&isfe Q^m^s^j GOGqacam 6700 7 " 

aVreSnsAne SsyLyicbrP rhltefiaVo : rI>r/rryaSr AalAlaVryT 
GGftGAftCTIT AAAACTQCTC. MCAITCSAA 675Q . 
gyOehB^Ua eUieL^lA. . . . /;i±L<3ehP iaiWi^sylo rBsOAfihPla 
CTCICfcAQGA. TCTTAO032T (pSRGflCC A3lTO3?flCT . AAQ0CSGTO3 6800 
VgrAueDreS grftlaVeLLAr M±BSelI^r tosAreSrhT laVprHiLGs 
OGCfiCCCAftC TCATCITC^Q CfcTCITIT&C TnCACCZOT GITICIQ3CT- 6850 ' 
iHLaVprTre SellsyliaeL teMsyL. . . s yL. ."proSr AsylriLGctcr 
GftGO^AAAAC AG3A2GGCAA AAIG003C&A AAGQQCpOfc 6900 

ueLueLehPu ^LehEfelAeh Esil^rftueL ehFtorT^Pu eLorEreSla 

O33AAM^ .Ga20^?^ MCTRXTT, TTrCAMMT/ - 6950 r-o 

VSreSellbsa ehPlaVltTl " " " " ' ' ' ' 

Vimv^GOT..TOTlG?iClCA CAIA2TIGAA TCEATTEAGA. ,7000 " '< 

AAAftTAAACA AA32AQ333IT 03333C?Off TIQXOGAAA A3IQ0CACCr 7050 
GftOZrCEAAG AAftOCftTEAT TATCATGACA TIAACCTAIA AAAAIAQQOG 7100 

Tarcaasaos axrnosic tceogcxstit ossigatcac ggigaaaaoc 7150 

TC3GACACAT G2AGCI0333 GAGACGGICA CAQCTIGICr GIAAGOGGAT 7200 
QCXG93AQCA GACAA03C03 TCM3333303 TCaGQQQCTG TIQQ033GIG 7250 
TCX3333CT33 CTT&ACEATC G33CATCAGA (XSGATIGEA CIGAGAGIX3C 7300 

poamaxscG gigigaaaia oo32acagat qdseaaqgag aaaataooqc 7350 

TCTEAAACGIT AATATTTIGT TAAAA^FnQQC QTPAAATWr 7400 

TCTEftAftTCA GL'IUMI'ITIT GCYrcAA&TOS QC-AAAATTT^ 7450 

TTATAAATCA AAAGAATAGA OGC^AIAGG CTTGAGIGrrr ffTTCTIAgrrP 7500 

GGAACAAGAG AAGAACGIQ5 AfrmnAaggr CAAATCnrra 7550 

AAAAOC33ICT A3XaQ33CX3A TO3332ACTA nr?IGAAGnAT PArrrroA^ 760Q 
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T^nrmrrjG oasiaaosr goobtm&bc to^&aicqs a^occtaa^ 7 650 

cyg^OJJOC33 ATITOGm 1 TGftQ933Sft& AQCO9305a& OGfflaaraaftA 7700 

Aao3A^Q3^A AfiA&aooGaA. 7Q^m333C QCTaoggaag TOgc^flcnrer 7750 

;TCT33ICAOG CIQ0333BA QOKTM^CC OGOJ33aCTT MICTmr 78 (X) 

raraflsgcnc: ctogcgccat id3jgatica qqctoc332aa. cictiqqsaa 7350 
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